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Description 

1. Field of the Invention 

[0001] The present invention relates generally to the fields of blood vessels and of coagulation. More particularly, it 
embodies the surprising finding that Tissue Factor compositions can localize to tumor vasculature and cause specific 
coagulation. Methods and compositions for effecting specific coagulation and for treating tumors with modified Tissue 
Factor (TF) compositions and combinations of TF and other molecules are particularly provided. 

2. Description of Related Art 

[0002] Tumor cell resistance to various chemotherapeutic agents represents a major problem in clinical oncology 
Therefore, although many advances in the chemotherapy of neoplastic disease have been realized during the last 30 
years, many of the most prevalent forms of human cancer still resist effective chemotherapeutic intervention. 
[0003] A significant underlying problem that must be addressed in any treatment regimen is the concept of "total cell 
kill." This concept holds that in order to have an effective treatment regimen, whether it be a surgical or chemothera- 
peutic approach or both, there must be a total cell kill of all so-called "clonogenic" malignant cells, that is, cells that 
have the ability to grow uncontrolled and replace any tumor mass that might be removed. Due to the ultimate need to 
develop therapeutic agents and regimens that will achieve a total cell kill, certain types of tumors have been more 
amenable than others to therapy. For example, the soft tissue tumors (e.g., lymphomas), and tumors of the blood and 
blood-forming organs (e.g., leukemias) have generally been more responsive to chemotherapeutic therapy than have 
solid tumors such as carcinomas. 

[0004] One reason for the susceptibility of soft and blood-based tumors to chemotherapy is the greater physical 
accessibility of lymphoma and leukemic cells to chemotherapeutic intervention. Simply put, it is much more difficult for 
most chemotherapeutic agents to reach all of the cells of a solid tumor mass than it is the soft tumors and blood-based 
tumors, and therefore much more difficult to achieve a total cell kill. Increasing the dose of chemotherapeutic agents 
most often results in toxic side effects, which generally limits the effectiveness of conventional anti-tumor agents. 
[0005] It has long been quite clear that a significant need exists for the development of novel strategies for the 
treatment of solid tumors. One such strategy is the use of "immunotoxins", in which an anti-tumor cell antibody is used 
to deliver a toxin to the tumor cells. However, in common with the chemotherapeutic approach described above, this 
also suffers from certain drawbacks. For example, antigen-negative or antigen-deficient cells can survive and repop- 
ulate the tumor or lead to further metastases. Also, in the treatment of solid tumors, the tumor mass is generally im- 
permeable to molecules of the size of the antibodies and immunotoxins. Therefore, the development of immunotoxins 
alone did not lead to particularly significant improvements in cancer treatment. 

[0006] Certain investigators then developed the approach of targeting the vasculature of solid tumors. Targeting the 
blood vessels of the tumors has certain advantages in that it is not likely to lead to the development of resistant tumor 
cells or populations thereof. Furthermore, delivery of targeted agents to the vasculature does not have problems con- 
nected with accessibility, and destruction of the blood vessels should lead to an amplification of the anti-tumor effect 
as many tumor cells rely on a single vessel for their oxygen and nutrient supplies. Exemplary vascular targeting strat- 
egies are described in Burrows etal. (1 992), in Burrows and Thorpe (1 993) and in WO 93/1 771 5. Such targeted delivery 
of anti-cellular agents to tumor vasculature provides quite promising strategies, however, the use of the toxin portions 
of these molecules still leaves room for improvement in vascular targeting. 

[0007] Another approach for the targeted destruction of tumor vasculature has been reported in WO 96/01653, in 
which antibodies against tumor vasculature markers are used to deliver coagulants to the vasculature of solid tumors. 
The targeted delivery of coagulants in this manner has the advantage that significant toxic side effects are not likely 
to result from any background mis-targeting that may result due to any low level cross-reactivity of the targeting anti- 
bodies with the cells of normal tissues. The antibody-coagulant constructs for use in such directed anti-tumor therapy 
have been termed "coaguligands" (WO 96/01653). 

[0008] Although the specific delivery of a coagulant to a tumor vessel marks a surprising advance, the use or ma- 
nipulation of coagulation in connection with treatment of various human diseases and disorders has been practiced 
for some time. By way of example only, Morrissey and Comp have proposed the use of truncated Tissue Factor (tTF) 
in combination with Factor Vila (FVIIa) in the treatment of patients, such as hemophiliacs, in which blood coagulation 
is impaired (U.S. Patent Nos, 5,374,61 7; 5,504,064; and 5,504,067). Roy and Vehar have also developed Tissue Factor 
mutants that neutralize endogenous Tissue Factor and may be used as anti-coagulants, e.g., in the treatment of my- 
ocardial infarction (U.S. Patent Nos. 5,346,991 and 5,589,363). 

[0009] In further studies connected with Tissue Factor (TF), Edgington and colleagues have shown that, in contrast 
to normal melanocytes, malignant metastasizing human melanoma cells express high levels of TF, the major cellular 
initiator of the plasma coagulation protease cascades (WO 94/28017; WO 94/05328; U.S. Patent 5,437,864). It was 
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reported that inhibition of TF function and subsequent reduction in local protease generation resulted in significantly 
reduced numbers of tumor cells retained in the vasculature. This led to the suggestion that there was a direct correlation 
between TF expression and the metastatic phenotype of tumor cells. Edgington and colleagues proposed that a function 
of TF is required for successful implantation of tumor cells and that interference with TF function, or specific interference 
5 with cell surface expression of TF, is useful in inhibiting metastasis. These authors have therefore proposed treating 
cancer with antibodies directed against Tissue Factor. 

SUMMARY OF THE INVENTION 

10 [0010] In direct contrast to the above observations of Edgington and colleagues and the uses of anti-TF antibodies 
to treat cancer, the present inventors have demonstrated that truncated TF compositions and TF variants can, them- 
selves, be employed in the treatment of solid tumors. The present invention was developed, in part, from the inventors' 
surprising discovery that truncated TF specifically localizes to the blood vessels within a vascularized tumor simply 
following systemic administration. This localization in the absence of any targeting moiety could not have been predicted 

*5 from the previous detailed studies of the TF molecule. The self-localizing nature of TF, as described herein, also con- 
trasts with the previously described uses of TF in the treatment of bleeding disorders, e.g., in hemophiliacs, in which 
TF delivery and action is either not localized or is limited to topical application to a specific area. 
[0011] Therefore, in certain embodiments, there are provided methods for promoting coagulation in prothrombotic 
blood vessels of an animal or patient, which methods generally comprise administering to the animal a composition 

20 comprising a coagulation-deficient Tissue Factor (TF) compound in an amount effective to promote coagulation pref- 
erentially, or specifically, in the prothrombotic blood vessels. 

[0012] As used throughout the entire application, the terms M a" and "an" are used in the sense that they mean "at 
least one", "at least a first", "one or more" or "a plurality" of the referenced components or steps, except in instances 
wherein an upper limit is thereafter specifically stated. Therefore "a coagulation-deficient Tissue Factor" means "at 

25 least a first coagulation-deficient Tissue Factor". The operable limits and parameters of combinations, as with the 
amounts of any single agent, will be known to those of ordinary skill in the art in light of the present disclosure. 
[0013] The prothrombotic blood vessels may be associated with any one of a variety of angiogenic diseases, with a 
benign growth or with a vascularized tumor. In the context of the present invention, the term "a vascularized tumor" 
means a vascularized, malignant tumor. The present invention is particularly advantageous in treating vascularized 

30 tumors of at least about medium size and in treating large vascularized tumors. 

[0014] The composition will generally be pharmaceutically acceptable and will preferably be administered to the 
animal systemically, such as via intravenous injection. 

[0015] The methods are further described as methods for treating an animal or human patient having a disease 
associated with prothrombotic blood vessels, comprising administering to the animal an amount of at least a first co- 
35 agulating composition comprising at least a first coagulation-deficient Tissue Factor compound effective to preferen- 
tially, or specifically, promote coagulation in the prothrombotic blood vessels associated with the benign or malignant 
disease site. 

[0016] The essence of the invention may also be defined as a composition comprising at least a biologically effective 
amount of at least a first coagulation-deficient Tissue Factor compound for use in the preparation of a medicament for 
40 use in promoting coagulation preferentially, or specifically, in prothrombotic blood vessels of an animal, particularly 
those associated with a benign or malignant disease site. 

[0017] In the medicaments and uses of the present invention, one of the advantages lies in the fact that the simple 
provision of the coagulating composition into the systemic circulation of the animal results in the specific or preferential 
localization of the Tissue Factor compound to the disease site. 

45 [0018] Preferred methods disclosed herein are those for use in promoting coagulation in the tumor vasculature of 
an animal or human subject having a vascularized tumor, which methods generally comprise administering to the 
animal one or more compositions comprising one or more coagulation-deficient Tissue Factor compounds in an amount 
sufficient to specifically or preferentially promote coagulation in the tumor vasculature. The treatment of mid-size or 
large vascularized tumors is particularly advantageous. 

so [0019] The treatment methods may be described as methods for treating an animal having a vascularized tumor, 
comprising administering to the animal a biologically effective amount of at least one coagulating composition that 
comprises an amount of at least a first coagulation-deficient Tissue Factor compound sufficient to specifically or pref- 
erentially promote coagulation in the vasculature of the tumor. 

[0020] A further description is of a method for treating an animal or patient having a vascularized tumor which com- 
55 prises systemically administering to the animal one or more compositions comprising one or a plurality of coagulation- 
deficient Tissue Factor compounds in an amount(s) and for a period of time(s) effective to promote coagulation spe- 
cifically or preferentially in the vasculature of the vascularized tumor. 

[0021] The anti-tumor effects of the present invention are particularly described in the methods characterized as 
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comprising administering to an animal with a tumor a composition comprising at least one coagulation-deficient Tissue 
Factor compound in an amount effective to promote coagulation in the tumor vasculature and to specifically or prefer- 
entially cause tissue necrosis in the tumor. 

[0022] These aspects of the invention also provide a composition comprising at least a biologically effective amount 
5 of at least a first coagulation -deficient Tissue Factor compound for use in the preparation of a medicament for use in 
promoting coagulation preferentially, or specifically, in the prothrombotic blood vessels associated with a malignant, 
vascularized tumor of an animal; wherein the medicament is thus intended for use in treating an animal with cancer 
by causing tumor blood vessel coagulation and tumor necrosis. 

[0023] The terms "preferentially" and "specifically", as used herein in the context of promoting coagulation in pro- 
10 thrombotic blood vessels or tumor vasculature, and/or as used in the context of promoting coagulation sufficient to 
cause tissue necrosis in a disease site such as a tumor, mean that the Tissue Factor compound or TF-second agent 
combination functions to achieve coagulation and/or tissue necrosis that is substantially confined to the disease site, 
such as the tumor region, and does not substantially extend to causing coagulation or tissue necrosis in normal, healthy 
tissues. 

is [0024] The coagulation-deficient Tissue Factor compound or combinations thereof thus exert coagulative and/or 
tissue destructive effects in a disease or tumor site and yet have little or no coagulative or tissue destructive effects 
on normal, healthy cells or tissues. Coagulation and/or tissue destruction is therefore localized to the disease or tumor 
site and does not substantially or sign If icantly extend to other major or important blood vessels or tissues. In the methods 
of the invention the function of healthy cells and tissues is therefore maintained substantially unimpaired. 

20 [0025] The "coagulation-deficient Tissue Factors" of the invention will generally be Tissue Factor compounds that 
are at least about 100-fold less active than full length, native Tissue Factor, e.g., when assayed in an appropriate 
phospholipid environment. The Tissue Factor compounds will still have activity, and are preferably described as being 
between about 100-fold and about 1 ,000,000 less active than full length, native Tissue Factor, e.g., when assayed in 
* an appropriate phospholipid environment. 

25 [0026] The coagulation-impaired Tissue Factor compounds will preferably be at least about 1 , 000-fold less active 
than full length, native Tissue Factor; more preferably will be at least about 10,000-fold less active than full length, 
native Tissue Factor; even most preferably will be at least about 1 00,000-fold less active than full length, native Tissue 
Factor, e.g., when assayed in an appropriate phospholipid environment. 

[0027] The "at least about 100,000-fold less active" is not the minimum, and the Tissue Factor compounds may be 
30 at least about 500,000-fold or about 1 ,000, 000-fold less active than full length, native Tissue Factor, e.g., when assayed 
in an appropriate phospholipid environment. 

[0028] The human Tissue Factor compounds will generally be preferred for human uses, but the use of other species 
of TF, including E. coliTF, is certainly not excluded. For ease of preparation, the coagulation-deficient Tissue Factor 
compounds will also preferably be prepared by recombinant expression, although this is not essential. 

35 [0029] The Tissue Factor may be rendered coagulation deficient by being deficient in binding to a phospholipid 
surface and/or deficient in inserting into a phospholipid membrane or lipid bilayer. Preferred examples are "truncated 
Tissue Factors". As defined in U.S. Patent No. 5,504,064, in which the compounds are used for different purposes, 
"truncated Tissue Factors" generally have an amino acid sequence differing from that of native Tissue Factor in that 
sufficient transmembrane amino acids thatfunction to bind native Tissue Factorto phospholipid membranes are lacking 

40 from the truncated Tissue Factor protein so that the truncated Tissue Factor protein does not bind to phospholipid 
membranes. 

[0030] Particular examples of truncated Tissue Factors are Tissue Factor compounds comprising about the first 21 9 
contiguous amino acids from the native TF sequence, as further exemplified by a Tissue Factor compound that consists 
essentially of the amino acid sequence of SEQ ID NO:1 . Although intended for use in different methods, U.S. Patent 
45 No. 5,504,067 defines truncated Tissue Factors as Tissue Factor proteins having an amino acid sequence beginning 
at position 1 and terminating near position 219 of the defined Tissue Factor sequence. 

[0031 ] Dimeric coagulation-deficient Tissue Factors may also be employed, including homodimeric and heterodimer- 
ic Tissue Factors. Exemplary TF dimers are disclosed herein as those that consist essentially of dimers of the amino 
acid sequence of SEQ ID NO:3 (H 6 -tTF 219 -cys-C' dimer), SEQ ID NO:6 (H 6 -tTF 22 o- c y s - c ' dimer), SEQ ID NO:7 (H 6 - 
50 tTF22rcys-C dimer) or SEQ ID NO:2 (H 6 -N'-cys-tTF 219 dimer). Chemically conjugated dimers, as described in detail 
hereinbelow, are preferred for use in certain aspects of the present invention, although recombinantly produced dimers, 
in frame with in frame linkers, are also contemplated for use in particular embodiments. 

[0032] The coagulation-impaired Tissue Factor compounds for use herewith may also be polymeric or multimeric 
Tissue Factors. 

55 [0033] In certain embodiments, the Tissue Factor compound will be a mutant Tissue Factor deficient in the ability to 
activate Factor VII. Although useful alone, the most preferred uses of such mutants will be in conjunction with the co- 
administration of a biologically effective amount of at least one of Factor Vila or an activator of Factor Vila, such as 
when used with an amount of Factor Vila sufficient to increase tumor vasculature coagulation and tumor necrosis in 
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the animal. 

[0034] Such mutants may be those that include a mutation in the amino acid region between about position 157 and 
about position 167 of SEQ ID NO:1. Exemplary, but by no means limiting mutants are those wherein, within SEQ ID 
NO:1, Trp at position 158 is changed to Arg; wherein Ser at position 162 is changed to Ala; wherein Gly at position 
5 164 is changed to Ala; or wherein Trp at position 158 is changed to Arg and Ser at position 162 is changed to Ala. 
Defined examples of such mutants are those that consist essentially of the amino acid sequence of SEQ ID NO:8 or 
SEQIDNO:9. 

[0035] Any of the truncated, dimeric, multimeric and/or mutant coagulation-deficient Tissue Factor compounds may 
further be modified to increase the longevity, half life or "biological half life" of the TF molecule. Various modifications 

10 of the polypeptide structure may be made in order to effect such a change in properties. 

[0036] Particular examples of TFs modified to increase their biological half life are those Tissue Factor compounds 
that have been operatively attached, and preferably covalently linked, to a carrier molecule, such as a protein carrier. 
The carriers are preferably inert carriers, such as, by way of example only, an albumin or a globulin . Non-protein carriers 
such as polysaccharides and synthetic polymers are also contemplated. 

'5 [0037] The operative attachment of a TF construct to an antibody or portion thereof is a currently preferred form of 
coagulation-deficient TF with increased biological half life. However, in the context of the first agent for use in the anti- 
cancer treatment strategies provide herein, theTF will be linked to an antibody that does not exhibit significant specific 
binding to a component of a tumorcell, tumorvasculatureortumor stroma. That is, wherein the Tissue Factor compound 
is not attached to an "anti-tumor" antibody, and wherein the resultant Tissue Factor compound is not a "tumor-targeted 

20 TF compound". 

[0038] In such TF-antibody conjugates, the Tissue Factor compound may be operatively attached to an IgG molecule 
of so-called "irrelevant specificity", i.e., one that does not have immunobinding affinity for a component of a tumorcell, 
tumor vasculature or tumor stroma. The Tissue Factor compounds may equally be operatively attached to an Fc portion 
of an antibody, which has no specific targeting function in the context of antibody specificity. Further constructs con- 
25 templated are those wherein the Tissue Factor compound has been introduced into an IgG molecule in place of the 
C H 3 domain. 

[0039] The surprisingly effective TF treatments using the present invention may be advantageously combined with 
one or more other treatments. For example, the treatment methods may further comprise administering to an animal 
or patient a biologically or therapeutically effective amount of at least a second therapeutic compound, such as at least 
30 one of a second therapeutic compound selected from the group consisting of Factor Vila, an activator of Factor Vila 
and at least a first anti-cancer agent. 

[0040] The at least a first anti-cancer agent may be a "chemotherapeutic agent". As used herein, the term "chemo- 
therapeutic agent" is used to refer to a classical chemotherapeutic agent or drug used in the treatment of malignancies. 
This term is used for simplicity notwithstanding the fact that other compounds, including immunotoxins, may be tech- 
35 nically described as a chemotherapeutic agent in that they exert an anti-cancer effect. However, "chemotherapeutic" 
has come to have a distinct meaning in the art and is being used according to this standard meaning. "Chemothera- 
peutics" in the context of the present application therefore do not generally refer to immunotoxins, radiotherapeutic 
agents and such like, despite their operational overlap. 

[0041] A number of exemplary chemotherapeutic agents are listed in Table II. Those of ordinary skill in the art will 
40 readily understand the uses and appropriate doses of chemotherapeutic agents, although the doses may well be re- 
duced when used in combination with the present invention. A currently preferred chemotherapeutic agent is etoposide. 
A new class of drugs that may also be termed "chemotherapeutic agents" are agents that induce apoptosis. Any one 
or more of such drugs, including genes, vectors and antisense constructs, as appropriate, may also be used in con- 
junction with the present invention. 
45 [0042] Appropriate anti-cancer agents further include specifically targeted toxic agents. For example, anti-cancer 
antibodies and, preferably, antibody constructs or conjugates comprising an antibody that specifically binds to a com- 
ponent of a tumor cell, tumor vasculature or tumor stroma, wherein the antibody is operatively attached or conjugated 
to at least a first cytotoxic or anti-cellular agent or to, e.g., at least a first coagulation factor. 

[0043] By way of example only, the targeted construct or conjugate may be an antibody construct or conjugate that 
so specifically binds to a tumor cell surface molecule; to a component of tumor vasculature, such as E-selectin, P-selectin, 
VCAM-1 , ICAM-1 , endoglin or an integrin; to a component adsorbed or localized in the vasculature or stroma, such as 
VEGF, FGF orTGFP; to a component the expression of which is naturally or artificially induced in the tumor environment, 
such as E-selectin, P-selectin or an MHC Class II antigen. Non-antibody targeting agents include growth factors, such 
as VEGF and FGF; peptides containing the tripeptide R-G-D, that bind specifically to the tumor vasculature, and other 
55 targeting components such as annexins and related ligands. 

[0044] The antibody constructs and conjugates may be operatively attached to at least a first cytotoxic or otherwise 
anti-cellular agent. They may also be operatively attached to at least a first coagulation factor. In attachment to coag- 
ulants, bispecific constructs may also be advantageously employed (e.g., using two antibody binding regions), although 
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the covalent linkages are generally preferred for use with the toxins. Any one or more of the toxic or coagulating agents 
known in the art may be employed in such "immunotoxins" or "coaguligands", and Tissue Factor or Tissue Factor 
derivatives may also be employed as part of the coaguligands, where the coaguligand is the second, "anti-cancer 
agent". 

5 [0045] The present disclosure therefore further provides methods for treating an animal or patient having a vascu- 
larized tumor, which methods generally comprise systemically administering to an animal one or more coagulation- 
deficient Tissue Factor compounds and one or more anti-cancer agents in a combined amount effective to coagulate 
the tumor vasculature and specifically induce tumor necrosis. The anti-cancer agent may be a chemotherapeutic agent, 
as exemplified by etoposide, an antibody, or an antibody construct or conjugate comprising an antibody that specifically 

10 binds to a component of a tumor cell, tumor vasculature or tumor stroma operatively attached to a cytotoxic agent or 
to a coagulation factor. 

[0046] Whether the anti-cancer agent is a chemotherapeutic or antibody-based construct, the one or more anti- 
cancer agent(s) may be administered to the animal simultaneously, e.g. , from a single composition or from two or more 
distinct compositions. The staggered or sequential administration of the one or more Tissue Factor compounds and 

15 the one or more anti-cancer agent(s) is also contemplated. The "sequential administration" requires that the TF and 
anti-cancer agent be administered to the animal at "biologically effective time intervals". For example, the Tissue Factor 
compound(s) may be administered to the animal at a biologically effective time prior to the anti-cancer agent(s), or the 
anti-cancer agent(s) may be administered to the animal at a biologically effective time prior to the Tissue Factor com- 
pound^). Where a Tissue Factor compound is administered first, it will generally be given at a biologically effective 

20 time sufficient to allow the Tissue Factor compound to preferentially localize within the tumor vasculature prior to the 
administration of the anti-cancer agent(s). 

[0047] The present disclosure further includes methods of using at least one of Factor Vila or an activator of Factor 
Vila to increase the effectiveness of any one or more of the coagulation-deficient Tissue Factor (TF) compounds that 
define the primary therapeutic. Such methods generally comprise further administering to an animal or patient a ther- 
25 apeutically effective amount of Factor Vila or an activator of Factor Vila. 

[0048] In such embodiments, the use of Factor Vila itself will be generally preferred. The Factor Vila employed may 
consist essentially of the amino acid sequence of SEQ ID NO:14. 

[0049] Again, the Factor Vila or Factor Vila activator may be administered to the animal simultaneously with the 
coagulation-deficient Tissue Factor compound. As such, Factor Vila may be administered to the animal or patient in 
30 a pre-formed Tissue Factor-Factor Vila complex. In certain embodiments, the Tissue Factor-Factor Vila complex will 
be an equimolar complex, 

[0050] Further, the coagulation-deficient Tissue Factor compound and Factor Vila compound may be administered 
to the animal using staggered or sequential administration. The prior administration of the Tissue Factor compound 
will generally be preferred and it will preferably be administered to the animal at a biologically effective time prior to 
35 the Factor Vila compound. Such an effective prior administration of the Tissue Factor compound will generally be at 
a biologically effective time sufficient to allow the Tissue Factor compound to preferentially localize within the tumor 
vasculature prior to the administration of the Factor Vila compound. 

[0051 ] These methods may thus be further described as methods for promoting coagulation in the tumor vasculature 
of an animal or patient having a vascularized tumor, comprising systemically providing to the animal or patient a co- 
40 agulation-deficient Tissue Factor compound and Factor Vila or an activator of Factor Vila in a combined amount suf- 
ficient to preferentially or specifically promote coagulation in the tumor vasculature. 

[0052] The subject animal will preferably be provided with the coagulation-deficient Tissue Factor compound at a 
time prior to the provision of the Factor Vila, wherein the time interval prior to Factor Vila administration is effective for 
the Tissue Factor compound to preferentially or specifically localize within the tumor vasculature. 

45 [0053] Further methods are described as methods for treating an animal having a vascularized tumor, comprising 
systemically administering to the animal a coagulation-deficient Tissue Factor compound and Factor Vila in a combined 
amount effective to promote coagulation in the tumor vasculature and to specifically cause necrosis in the tumor. The 
pre-administration of Tissue Factor is generally preferred such that the Tissue Factor compound preferentially localize 
within the tumor vasculature and form a reservoir for subsequent Factor Vila combination. 

50 [0054] All such Factor Vila combined treatments may be used with any coagulation-deficient Tissue Factor com- 
pound, such as truncated, dimeric, and/or mutant Tissue Factors and/or those with increased half lives. These methods 
are particularly useful for combination with Tissue Factor compounds that are deficient in the ability to activate Factor VII. 
[0055] The combined treatment methods of the invention also encompass triple combinations using one or more 
coagulation-deficient Tissue Factor compounds, one or more anti-cancer agents and Factor Vila or an activator of 

55 Factor Vila. 

[0056] The present invention further provides novel compositions in the form of compositions that comprise one or 
more coagulation-deficient Tissue Factor compounds that have been modified to increase their half life, other than 
wherein the modification consists of attaching the Tissue Factor compound to an antibody that binds to a component 
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of a tumor cell, tumor vasculature or tumor stroma. 

[0057] The "increased half life Tissue Factor compounds" encompass all the coagulation-deficient Tissue Factor 
compounds described above, such as truncated, dimeric, polymeric, and/or mutant Tissue Factors. That have been 
modified to increase their half life. 

5 [0058] The increased half life Tissue Factor compounds preferably comprise a coagulation-deficient Tissue Factor 
compound that is operatively attached, e.g., covalently attached, to a carrier molecule. Protein carriers are currently 
preferred, as exemplified by albumins or globulins, although non-protein carriers are also contemplated. 
[0059] One class of increased half life coagulation-deficient Tissue Factor compounds are those that are operatively 
attached to an antibody or portion thereof, such as an IgG molecule or to an Fc portion of an antibody. Tissue Factors 

10 introduced into a contiguous portion of an IgG molecule, e.g., in place of the C H 3 domain, are also contemplated. 
[0060] The invention still further provides a series of novel therapeutic kits for use in conjunction with the disclosed 
methods. Certain kits will comprise, preferably in suitable container means, at least a first coagulation-deficient Tissue 
Factor compound in combination with at least a first anti-cancer agent. 

[0061] The coagulation-deficient Tissue Factor compounds may be one or more of the coagulation-deficient Tissue 
15 Factors described herein, such as truncated, dimeric, polymeric, and/or mutant Tissue Factors, including mutant Tissue 
Factors deficient in the ability to activate Factor VII. Where such Factor VII activation mutants are employed in the kit, 
the kit may optionally further comprise a biologically effective amount of Factor Vila. 

[0062] The term "anti-cancer agent" is used as described above and covers chemotherapeutic agents, such as etopo- 
side; and antibody-based anti-cancer agents, such as antibody conjugates comprising an antibody that specifically 
20 binds to a component of a tumor cell, tumor vasculature or tumor stroma operatively attached to a cytotoxic agent or 
to a coagulation factor, including a Tissue Factor or a Tissue Factor derivative. 

[0063] Further therapeutic kits of the invention generally comprise, preferably in suitable container means, a mutant 
Tissue Factor compound that is deficient in the ability to activate Factor VI I in combination with Factor Vila. Previously, 
the mutants of this category have been thought to be so lacking in activity that they could not be used therapeutically 
25 to induce coagulation, but only to act as an antagonist of wild type TF and to inhibit coagulation. Only the combination 
of substantially active truncated Tissue Factor with Factor Vila has been previously proposed, this being in connection 
with the treatment of bleeding disorders. 

[0064] The present invention thus provides the novel combination of a mutant Tissue Factor compound that is more 
significantly impaired in its coagulating ability than truncated Tissue Factor, preferably by virtue of being deficient in 

30 the ability to activate Factor VII, in conjunction with Factor Vila. The Factor Vila will become "exogenous Factor Vila" 
following administration to an animal. These kits therefore preferably comprise, in suitable container means, a biolog- 
ically effective amount of a mutant Tissue Factor compound deficient in the ability to activate Factor VII in combination 
with a biologically effective amount of at least one of Factor Vila or an activator of Factor Vila. Activators of Factor Vila 
may substitute for the Factor Vila in such kits, or may be employed in addition to the Factor Vila. Supplementary agents 

35 may also be added. 

[0065] The TF mutants for use in such kits are exemplified by those that include a mutation in the amino acid region 
between about position 157 and about position 167 of SEQ ID NO:1. These are exemplified by those mutants that 
wherein, within SEQ ID NO:1, Trp at position 158 is changed to Arg; wherein Ser at position 162 is changed to Ala; 
wherein Gly at position 164 is changed to Ala; or wherein Trp at position 158 is changed to Arg and Ser at position 
40 162 is changed to Ala. Further examples are those mutant TFs that consist essentially of the amino acid sequence of 
SEQ ID NO:8orSEQIDNO:9. 

[0066] Combined treatment kits comprising, preferably in suitable container means, at least a first coagulation-defi- 
cient Tissue Factor compound, at least a first anti-cancer agent and Factor Vila or an activator of Factor Vila are also 
provided by the invention. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0067] The following drawings form part of the present specification and are included to further demonstrate certain 
aspects of the present invention. The invention may be better understood by reference to one or more of these drawings 
50 in combination with the detailed description of specific embodiments presented herein. 

[0068] FIG. 1 : Induction of coagulation of plasma by full length TF. Blood (A) is shown in contact with the cell mem- 
brane (B). 

[0069] FIG. 2: Domain structure of TF. Depicted are the extracellular domain (A; amino acids 1-219), and the cell 
membrane (B). The NH 2 domain (10) is depicted as cross-hatched, the Factor Vll/Vlla binding region (20) is depicted 
55 as hatched. The transmembrane domain (40) begins at amino acid 220 (30) and spans the cell membrane. The trans- 
membrane domain of TF is deleted or otherwise rendered non-functional to generate a functional tTF of the present 
invention. In certain tTF compositions the NH 2 domain may also be deleted or rendered non-functional. 
[0070] FIG. 3: Model for tTF induced coagulation of tumor vasculature. Blood (A) is depicted in contact with the cell 
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membrane (B) of the tumor vascular endothelium (C). The prothrombotic tumor endothelium has Factor IX, X (shown) 
or TFPI/Xa plus phosphatidyl serine (PS ) on its surface, which binds tTF-VII or tTF-Vlla, leading to coagulation. 
[0071] FIG. 4A and FIG. 4B. FIG. 4A: Induction of coagulation by cell-bound tTF. A20 cells (10 5 cells, 100 uJ) were 
incubated with antibodies (0.33 ug) and tTF (0.1 7 jig) for 1 hour at 4°C. Calcium chloride (1 2.5 mM) and citrated mouse 

s plasma were added to the cells and the time for the first fibrin strands to form was recorded (clotting time, seconds; 
horizontal axis). Sample number is shown on the vertical axis. Sample 1 includes no added antibodies or tTF (control), 
sample 2 includes B21 -2/1 0H10 antibody, sample 3 includes tTF, sample 4 includes B21-2/OX7 antibody plus tTF, 
sample 5 includes CAMPATH-2/10H10 antibody plus tTF, sample 6 includes 10H10 F(ab') 2 antibody plus tTF, sample 
7 includes 1 0H1 0 Fab' antibody plus tTF, sample 8 includes B21 -2 F(ab') 2 antibody plus tTF, sample 9 includes B21 -2 

10 Fab' antibody plus tTF, sample 1 0 includes B21 -2/1 0H1 0 antibody plus tTF. FIG. 4B: Relationship between the number 
of bound tTF molecules and plasma coagulation time. The A20 cells (10 5 cells, 100 u.l) were incubated with varying 
concentrations of B21 -2/1 OH 1 0 plus an excess of tTF for 1 hour at 4°C in the presence of sodium azide and were then 
washed, warmed to 37°C. Calcium chloride (12.5 mM) and citrated mouse plasma (a different batch from that in A) 
were added to the cells and the time for the first fibrin strands to form was recorded (clotting time, seconds; vertical 

15 axis). The number of tTF molecules bound to the cells (O) was determined in a parallel study with 125 l-tTF (log scale; 
horizontal axis). Values represent the means of three measurements, with SD. 

[0072] FIG. 5: Coagulation of mouse plasma by cell-associated tTF 219 , H 6 -N'-cys-tTF 219 and H 6 -tTF 219 -cys-C\ A20 
lymphoma cells (l-A d positive) were treated at room temperature with the "capture" bispecific antibody, B21 -2/1 0H10, 
recognizing both l-A d and tTF. Cells were washed and two different preparations of tTF 219 [standard tTF 219 (O) and 
20 ITF 219 H 6 -N'-cys-tTF 219 (□) or H 6 -tTF 219 -cys-C (•) were added at a range of tTF concentrations (concentration, 
M; horizontal axis). Cells were washed and warmed to 37°C. Calcium and citrated mouse plasma were added and the 
time for the first strands of fibrin to form was recorded (clotting time, seconds; vertical axis). 

[0073] FIG. 6: Coagulation of mouse plasma by cell-associated Hg-tTF^o-cys-C and tTF 220 -cys-C\ A20 lymphoma 
cells (l-A d positive) were treated at room temperature with the "capture" bispecific antibody, B21 -2/1 0H1 0, recognizing 
25 both l-A d and tTF. Cells were washed and standard tTF 219 (■), H 6 -tTF 220 -cys-C (O) and tTF^-cys-C 1 (•) were added 
at a range of concentrations (concentration, M; horizontal axis). Cells were washed and warmed to 37°C. Calcium and 
citrated mouse plasma were added and the time for the first strands of fibrin to form was recorded (clotting time, 
seconds; vertical axis). 

[0074] FIG. 7: Coagulation of mouse plasma by cell associated H 6 -tTF 221 -cys-C\ tTF 221 -cys-C and H 6 -tTF 221 -cys-C 

30 dimer. A20 lymphoma cells (l-A d positive) were treated at room temperature with the "capture" bispecific antibody, 
B21 -2/1 0H1 0, recognizing both l-A d and tTF. Cells were washed and standard tTF 219 (O), H 6 - tTF 221 -cys-C (•), tTF 221 - 
cys-C (□), or H 6 -tTF 22r cys-C dimer (A) were added at a range of concentrations (concentration, M; horizontal axis). 
Cells were washed and warmed to 37°C. Calcium and citrated mouse plasma were added and the time for the first 
strands of fibrin to form was recorded (clotting time, seconds; vertical axis). 

35 [0075] FIG. 8: Coagulation of mouse plasma by cell-associated H 6 -N'-cys-tTF 219 and H 6 -N'-cys-tTF 219 dimer. A20 
lymphoma cells (l-A d positive) were treated at room temperature with the "capture" bispecific antibody, B21 -2/1 0H10, 
recognizing both l-A d and tTF. Cells were washed and standard tTF 219 (O), H 6 -N'-cys-tTF 219 (■) and H 6 -N'-cys-tTF 219 
dimer (•) were added at a range of concentrations (concentration, M; horizontal axis). Cells were washed and warmed 
to 37°C. Calcium and citrated mouse plasma were added and the time for the first strands of fibrin to form was recorded 

40 (clotting time, seconds; vertical axis). 

[0076] FIG. 9: Thrombosis of vessels in large C1300 Muy tumors by tTF 219 . Nu/Nu mice bearing large (> 1000 cm 3 ) 
subcutaneous C1 300 Muytumors were injected intravenously with 1 6-20 u.g tTF 219 . Twenty-four hours later, mice were 
anesthetized, exsanguinated and tumors and organs were removed. Paraffin sections of the tissues were evaluated 
for the presence of thrombosed vessels. The numbers of thrombosed vessels and open vessels in sections of tumors 

45 were counted. The percent of tumor vessels thrombosed is shown on the vertical axis. The hatched bar represents 
tTF 219 injected mice, the open bar represents PBS injected mice. 

[0077] FIG. 10: Thrombosis of vessels in large C1300 tumors by tTF 219 . Nu/nu mice bearing large (> 1000 mm 3 ) 
subcutaneous C1300 tumors were injected intravenously with 16-20 jxg tTF 219 . Twenty-four hours later, mice were 
anesthetized, exsanguinated and tumors and organs were removed. Paraffin sections of the tissues were evaluated 
50 for the presence of thrombosed vessels. The numbers of thrombosed vessels and open vessels in sections of tumors 
were counted. The percent of tumor vessels thrombosed is shown on the vertical axis. The hatched bar represents 
tTF 219 injected mice, the open bar represents PBS injected mice. 

[0078] FIG. 11: Thrombosis of vessels in large 3LL tumors by tTF 219 . C57BL76 mice bearing large (> 800 mm 3 ) 
subcutaneous 3LL tumors were injected intravenously with 16-20 \ig tTF 219 . Twenty-four hours later, mice were anes- 
55 thetized, exsanguinated and tumors and organs were removed. Paraffin sections of the tissues were evaluated for the 
presence of thrombosed vessels. The numbers of thrombosed vessels and open vessels in sections of tumors were 
counted. The percent of tumor vessels thrombosed is shown on the vertical axis. The hatched bar represents tTF 219 
injected mice, the open bar represents PBS injected mice. 
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[0079] FIG. 12A and FIG. 12B: Inhibition of growth of C1300 MuYtumors in mice by tTF 219 . FIG. 12A: Mice with 0.8 
to 1 .0 cm diameter C1300(Muy) tumors were given two intravenous injections of B21-2/10H10-tTF coaguligand (•) 
spaced 6 days apart (arrows). Mice in control groups received equivalent doses of tTF alone (□), CAM PATH-2/1 0H10 
plus tTF (A), or phosphate buffered saline (O). Mice that received B21 -2/0X7 and tTF had similar tumor responses to 

5 those in animals receiving tTF alone. Administration of B21 -2/1 0H10 alone did not affect tumor growth. Each group 
contained 12 to 27 mice. Points represent the mean tumor volume per group (± SEM). Mean tumor volume (cm 3 ) is 
shown on the vertical axis, days after first treatment is shown on the horizontal axis. FIG. 12B: Nu/nu mice bearing 
small (350 mm 3 ) subcutaneous C1 300 Muy tumors were injected intravenously with 1 6-20 u,g tTF 219 (□) or phosphate 
buffered saline (O). The treatment was repeated one week later. Tumors were measured daily and tumor volumes (+ 

10 one standard deviation) were calculated. The number of mice per treatment group was 8-1 0. Mean tumor volume (cm 3 ) 
is shown on the vertical axis, days after first treatment is shown on the horizontal axis. 

[0080] FIG. 13: Inhibition of growth of H460 tumors in mice by tTF 219 . Nu/nu mice bearing small (350 mm 3 ) subcu- 
taneous H460 tumors were injected intravenously with 16-20 uxj tTF 219 (EJ) or PBS (O). The treatment was repeated 
one week later. The time of injections are designated by arrows. Tumors were measured daily and tumor volumes (+ 
15 one standard deviation) were calculated. The number of mice per treatment group was 8-1 0. Mean tumor volume (cm 3 ) 
is shown on the vertical axis, days after first treatment is shown on the horizontal axis. 

[0081] FIG. 14: Inhibition of growth of HT29 tumors in mice by tTF 219 . Nu/nu mice bearing large (1200 mm 3 ) subcu- 
taneous HT29 tumors were injected intravenously with 1 6 u.g or 64 \ig tTF 219 (Q or PBS (•). Tumors were measured 
daily (days after injection; horizontal axis), and tumor volumes (+ one standard deviation) were calculated (tumor vol- 

20 ume, mm 3 ; vertical axis). The number of mice per treatment group was 3-4. 

[0082] FIG. 15: Coagulation of mouse plasma by cell-associated lgG-H 6 -N'-cys-tTF 219 . A20 lymphoma cells (l-A d 
positive) were treated with the "capture" bispecific antibody, B21-2/10H10, recognizing both l-A d andtTF 219 . lgG-H 6 -N'- 
cys-tTF 219 (A), H 6 -N'-cys-tTF 219 (■) or tTF 219 (O) were added at a range of concentrations at room temperature (con- 
* centration, M; horizontal axis). Cells were washed and warmed to 37°C. Calcium and citrated mouse p'lasma were 

25 added and the time for the first strands of fibrin to form was recorded (clotting time, seconds; vertical axis). 

[0083] FIG. 16: Coagulation of mouse plasma by cell-associated lgG-H 6 -N'-cys-tTF 219 and lgG-H 6 -tTF 219 -cys-C. 
Immunoglobulin-tTF conjugates were prepared by linking B21 -2 IgG (against l-A d ) to H 6 -N'-cys-tTF 219 (A) or H 6 -tTF 219 - 
cys-C (H). The conjugates were added at a range of concentrations to A20 lymphoma cells (l-A d positive) at room 
temperature, and compared to tTF 219 (•) (concentration, M; horizontal axis). Cells were washed and warmed to 37°C. 

30 Calcium and citrated mouse plasma were added. The time (seconds) for the first strands of fibrin to form was recorded. 
The vertical axis shows clotting time as a percent of the control. 

[0084] FIG. 17: Conversion of Factor X to Factor Xa by cell-associated lgG-H 6 -N'-cys-tTF 219 and Fab'-H 6 -N'-cys- 
tTF 219 , measured by a chromogen .assay. A20 cells (l-A d positive) were treated with the "capture" bispecific antibody, 
B21 -2/1 0H10, recognizing both l-A d and tTF, was added with lgG-H 6 -N'-cys-tTF 219 (O) or Fab'-Hg-N'-cys-tTF^g (A), 

35 which were added at a range of concentrations at room temperature. B21-2/10H10 plus H 6 -N'-cys-tTF 219 (x) and 
Mac51/10H10 plus H 6 -N'-cys-tTF 219 (control, (S) were also added (concentration, M; horizontal axis). Cells were 
washed and warmed to 37°C. Calcium and "Proplex T" were added (Proplex T contains Factors II, VII, IX and X). The 
production of Xa was measured by adding the chromophore-releasing substrate, S-2765, and measuring the optical 
density at 409 nm (OD 409 nm; vertical axis). 

40 [0085] FIG. 18: Inhibition of growth of C1300 Muy tumors in mice by immunoglobulin-tTF conjugate. Nu/nu mice 
bearing small (300 mm 3 ) subcutaneous C1 300 M uytumors were injected intravenously with 1 6-20 u.g tTF 219 complexed 
with OX7 Fab'/t0H10 Fab bispecific "carrier" antibody (A). Other mice received tTF 219 alone (■), or diluent (PBS, O). 
The treatment was repeated one week later. The day treatments were given are designated by arrows. Tumors were 
measured daily and tumor volumes (+ one standard deviation) were calculated. The number of mice per treatment 

45 group was 7-10. Mean tumor volume (cm 3 ) is shown on the vertical axis, days after first treatment is shown on the 
horizontal axis. 

[0086] FIG. 19: Enhancement of anti-tumor activity of immunoglobulin-tTF by etoposide. SCID mice bearing subcu- 
taneous L540 human Hodgkin's tumors were given a single intravenous injection of a complex oftTF 219 and the "carrier" 
bispecific antibody Mac51 FabV10H10 Fab' (H). Other mice received 480 \ig of etoposide intraperitoneal^ 2 days 

50 before, 1 day before and on the day of treatment with immunoglobulin-tTF conjugate (A). Other mice received etoposide 
alone (O) or diluent (PBS, A). Tumors were measured daily and tumor volumes (+ one standard deviation) were cal- 
culated. Mean tumor volume (cm 3 ) is shown on the vertical axis, days after treatment is shown on the horizontal axis. 
[0087] FIG. 20: Enhancement of plasma coagulation by Factor Vila. A20 lymphoma cells (l-A d positive) were treated 
at room temperature with the "capture" bispecific antibody, B21 -2/1 0H10, recognizing both l-A d and tTF. Cells were 

55 washed and tTF 219 alone (O) or tTF 219 with Factor Vila were added at a range of concentrations of Factor Vila, as 
follows: 0.1 nM (■); 0.3 nM (•); 0.9 nM (A); 2.7 nM (A); and 13.5 nM (+) (concentration, M; horizontal axis). Cells were 
washed and warmed to 37°C. Calcium and citrated mouse plasma were added and the time for the first strands of 
fibrin to form was recorded (clotting time, seconds; vertical axis). 
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[0088] FIG. 21 : Weak coagulation of mouse plasma by cell associated tTF 219 (W1 58R) and tTF 219 (G1 64A) mutants. 
A20 lymphoma cells (l-A d positive) were treated at room temperature with the "capture" bispecific antibody, 
B21 -2/1 0H1 0, recognizing both l-A d and tTF. Cells were washed and tTF 219 (O), tTF 219 (W1 58R) (•) or tTF 219 (G1 64A) 
(□} were added at a range of concentrations (concentration, M; horizontal axis). Cells were washed and warmed to 
5 37°C. Calcium and citrated mouse plasma were added and the time for the first strands of fibrin to form was recorded 
(clotting time, seconds; vertical axis). 

[0089] FIG. 22: Restoration of the coagulation -inducing activity of mutant tTF 219 (G1 64A) and (W1 58R) by Factor 
Vila. A20 lymphoma cells (l-A d positive) were treated at room temperature with the "capture" bispecific antibody, 
B21-2/10H10, recognizing both l-A d and tTF. Cells were washed and not treated (A), or were treated with: tTF 219 (O); 

10 tTF 219 (G1 64A) (■) or tTF 219 (W158R) (•); each with Factor Vila addition at a range of concentrations (concentration, 
nM; horizontal axis). Cells were washed and warmed to 37°C. Calcium and citrated mouse plasma were added and 
the time for the first strands of fibrin to form was recorded (clotting time, seconds; vertical axis). 
[0090] FIG. 23: Antitumor activity of tTF21 9:Vlla and tTF21 9 (G1 64A):Vlla complexes in mice bearing HT29 human 
colorectal carcinomas. From left to right, the bars represent: saline (1); tTF (2); Factor Vila (3); tTF plus Factor Vila 

15 (4); G164A (5); and G164A plus Factor Vila (6). The vertical axis shows the average percent of necrosis in tumors 
examined. 

SEQUENCE SUMMARY: 

20 [0091] 

SEQ ID NO:1 Amino Acid Sequence of tTF 219 
SEQ ID NO:2 Amino Acid Sequence of H 6 -N'-cys-tTF 219 
SEQ ID NO:3 Amino Acid Sequence of H 6 -tTF 219 -cys-C' 
SEQ ID NO:4 Amino Acid Sequence of N , -cys-tTF 219 
SEQ ID NO:5 Amino Acid Sequence of tTF 219 -cys-C 
SEQ ID NO:6 Amino Acid Sequence of H B -tTF 2 2o-cys-C' 
SEQ ID NO:7 Amino Acid Sequence of H 6 -tTF 221 -cys-C' 
SEQ ID NO:8 Amino Acid Sequence of tTF 219 (W 158 R) 
SEQ ID NO:9 Amino Acid Sequence of tTF 219 (G 164 A) 
SEQ ID NO:10 cDNA sequence for tTF. 
SEQ ID NO:11 Full genomic sequence of Tissue Factor 
SEQ ID NO:12 Amino acid sequence of Tissue Factor 
SEQ ID NO:13 Factor VII DNA 
SEQ ID NO:14 Factor VII amino acid 
SEQ ID NO:15 5' primer for tTF amplification 
SEQ ID NO:16 3' Primer for tTF amplification 

SEQ ID NO:17 5' primer GlytTF complimentary DNA amplification primer 
SEQ ID NO:18 5' primer for Preparation of tTF and the 5' half of the linker DNA 
SEQ ID NO:19 3' primer for Preparation of tTF and the 5' half of the linker DNA 
SEQ ID NO:20 5' primer for Preparation of the 3' half of the linker DNA and tTF DNA 
SEQ ID NO:21 3' primer for Preparation of the 3' half of the linker DNA and tTF DNA 
SEQ ID NO:22 5' primer for Cys [tTF] Linker [tTF] construction 
SEQ ID NO:23 3' primer for Cys [tTF] Linker [tTF] construction 
SEQ ID NO:24 5' primer for [tTF] Linker [tTF]cys 
SEQ ID IMO:25 3' primer for [tTF] Linker [tTF]cys 
SEQ ID NO:26 primer for [tTF] G 164 A formation 
SEQ ID NO:27 primer for [tTF] W158R S162A 

50 DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0092] Solid tumors and carcinoma account for more than 90% of all cancers in man (Shockley et at., 1 991 ). The 
therapeutic uses of monoclonal antibodies and immunotoxins have been investigated in the therapy of lymphomas 
and leukemias (Lowder et a/., 1987; Vitetta et a/., 1991), but have been disappointingly ineffective in clinical trials 
55 against carcinomas and other solid tumors (Byers and Baldwin, 1 988; Abrams and Oldham, 1 985). 

[0093] A principal reason for the ineffectiveness of antibody-based treatments is that macromolecules are not readily 
transported into solid tumors (Sands, 1988; Epenetos et a/., 1986). Even when these molecules get into the tumor 
mass, they fail to distribute evenly due to the presence of tight junctions between tumor cells (Dvorak et at., 1991), 
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fibrous stroma (Baxter etal., 1991), interstitial pressure gradients (Jain, 1990) and binding site barriers (Juweid era/., 
1992). 

[0094] In developing new strategies for treating solid tumors, the methods that involve targeting the vasculature of 
the tumor, rather than the tumor cells themselves, offer distinct advantages. Inducing a blockade of the blood flow 

5 through the tumor, e.g., through tumor vasculature specific fibrin formation, would interfere with the influx and efflux 
processes in a tumor site, thus resulting in anti-tumor effect. Arresting the blood supply to a tumor may be accomplished 
through shifting the procoagulant-fibrinolytic balance in the tumor-associated vessels in favor of the coagulating proc- 
esses by specific exposure to coagulating agents. Accordingly, antibody-coagulant constructs and bispecific antibodies 
have been generated and used in the specific delivery of a coagulant to the tumor environment (WO 96/01653). 

10 [0095] However, the requirement for specificity, although not so stringent as with immunotoxins, is still important. To 
achieve specificity, it has generally been believed that an effector molecule, whether a toxin or a coagulant, needs to 
be conjugated or functionally associated with a targeting molecule, such as an antibody or other ligand with specificity 
for the tumor environment. Such targeting entities may be directed to the tumor cells themselves, although it is now 
believed to be preferable to use targeting molecules directed against components of the tumor vasculature or tumor 

ts stroma. A number of appropriate target molecules have been identified that are specifically or preferentially expressed, 
localized, adsorbed to or inducible on the cells or in the environment of the tumor vasculature and/or stroma. 
[0096] Although the tumor vasculature and stroma targeting methods can be quite effective, it will be recognized that 
to practice such targeting methodology still requires a certain knowledge and requires the preparation of suitable con- * 
jugates or coordinated molecular complexes. For example, in targeting a coagulant to the tumor vasculature, one must 

20 identify an appropriate vascular antigen, prepare an antibody or ligand that binds to the target antigen, choose an 
appropriate coagulant, link the coagulant to the antibody or ligand or otherwise form a functional association of the two 
components, and conduct the localization protocols using doses that do not result in significant mis-direction of the 
agent. Although such methods can be readily and successfully practiced, one can see that advantages would result 
from the development of methodology that included less preparative steps and could therefore be performed in a more 

25 cost-effective manner. 

[0097] The present invention provides compositions for use in such new methods for effecting specific blood coag- 
ulation, as exemplified by tumor-specific coagulation, without the need for targeting molecules, such as antibodies. 
This is achieved by administering compositions comprising coagulant-deficient Tissue Factor, which was discovered 
to specifically promote coagulation in the tumor vasculature, despite the fact that it lacks any recognized tumor targeting 
30 component. The present invention provides that such coagulation-impaired TF compositions may be administered 
alone, as TF conjugates with improved half-life, in combination with conventional chemotherapeutics, in combination 
with targeted immunotoxins or coaguligands, in combination with Factor Vila (FVIIa) or FVIla activators or in any of 
the foregoing combinations. 

35 A. Tissue Factor 

[0098] Tissue Factor (TF) is the major initiating receptor for the thrombogenic (blood coagulation) cascades (Davie, 
etal. 1991). TF is a single chain, 263 amino acid membrane glycoprotein (SEQ ID NO:12), and its primary sequence 
has structural similarity with the chemokine receptor family (Edgington et at., 1 991 ). TF is a transmembrane cell surface 
40 receptor and functions as the receptor and cof actor for Factor Vila. TF binds Factor Vila to form a proteolytically active 
complex on the cell surface (Ruf and Edgington, 1991b, 1994; Ruf et at, 1991 , 1992a, 1992b). This complex rapidly 
activates the serine protease zymogens Factors IX and X by limited proteolysis, leading to the formation of thrombin 
and, ultimately, a blood clot (FIG. 21). 

[0099] Thus, TF is an activator of the extrinsic pathway of blood coagulation and is not in direct contact with the 
45 blood under physiologically normal conditions (Osterud et at., 1986; Nemerson, 1988; Broze, 1992; Ruf and Edgington, 
1994). In vascular damage or activation by certain cytokines or endotoxin, however, TF will be exposed to the blood, 
either by the (sub)endothelial cells (Weiss etal, 1 989) or by certain blood cells (Warr et at., 1 990). TF will then complex 
with Factor Vila, which under normal conditions circulates at low concentrations in the blood (Wildgoose et a/., 1 992), 
and the TF/Factor Vila complex will start the coagulation cascade through the activation of factor X into Factor Xa. 
so The cascade will ultimately result in the formation of fibrin (FIG. 1 ). For this sequence of events to occur, the TF:Vlla 
complex has to be associated with a phospholipid surface upon which the coagulation-initiation complexes with Factors 
IX or X can assemble (Ruf and Edgington, 1991a; Ruf et at, 1992c; Paborsky et at., 1991; Bach et at., 1986; Krish- 
naswamy etai, 1992; ten Cate era/., 1993). 

[0100] A limited number of cells constitutively express TF. Lung and central nervous system tissues contain high 
55 levels of TF activity, with TF being found in bronchial mucosa and alveolar epithelial cells in the lung and in glial cells 
and astrocytes in the nervous system. Expression of TF has also been reported in cardiac myocytes, renal glomeruli, 
and in certain epithelial or mucosal tissues of the intestine, bladder and respiratory tract. It can thus be seen that TF 
is generally constitutively expressed at tissue barriers between body tissues and the external environment (Drake et 
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a/., 1989; Ruf and Edgington, 1994). 

[0101] TF is also present at tissue boundaries between organs, such as in the organ capsules of the liver, spleen 
and kidney, and is also present in the adventitia of arteries and venules. The expression of TF in this manner allows 
TF to function in the arrest of internal bleeding. It is therefore relevant to note that TF is absent in the joints and skeletal 

s muscle of hemophiliacs, which are the primary sites of bleeding in these patients. 

[0102] TF is typically not expressed to any significant degree on cells of the blood or the surface of endothelial cells 
that form the vasculature under normal conditions, but its expression by (sub)endothelial cells and monocytes within 
the vasculature can be induced by infectious agents. Monocytes, for example, are induced to express TF by cytokines 
and T cells. Expression of TF in the vasculature typically will result in disseminated intravascular coagulation or localized 

10 initiation of blood clots or thrombogenesis. In this context, it is important to note that TF must be available at all sites 
of the body where coagulation would be necessary following tissue damage, infection or other insults. Therefore, TF 
should be equally available to all such tissue sites and should not be generally reserved within any particular localized 
area of the body. 

[01 03] Certain studies have led to the delineation of a connection between TF and the development of the neoplastic 
is phenotype in certain types of tumors (Ruff and Edgington, 1994). In fact, increasing levels of TF have been reported 
to be a prognostic indicator of the metastatic potential of malignant melanoma (Mueller, et ai, 1992). It has been 
reasoned that a generalized activation of the coagulation cascade could damage the vasculature leading to access of 
■ tumor cells or tumor cell-derived vesicles to the general circulation, allowing such tumor cells to seed and cause met- 
astatic tumor outgrowth. 

20 [0104] Irrespective of the underlying mechanism, the studies described above have led Edgington and colleagues 
to propose the use of antibodies directed against TF in cancer treatment (WO 94/05328). These authors have therefore 
proposed that antibodies with binding affinity for TF have therapeutic utility in cancer treatment, particularly in connec- 
tion with those patients believed to be at risk for the development of metastatic tumors. This intent has led to the 
development of hybridomas producing monoclonal antibodies that react with human TF (U.S. Patent No. 5,223,427). 

25 [0105] In addition to the use in cancer treatment, anti-TF antibodies have also been proposed for use in inhibiting 
excessive coagulation, which may also be used in connection with the treatment of septic shock and in moderating 
inflammatory responses (Morrissey era/., 1988; U.S. Patent No. 5,223,427), or in the treatment of myocardial infarction, 
where the antibodies are used as TF antagonists (U.S. Patent No. 5,589,1 73). The combined use of anti-TF antibodies 
and other thrombolytic agents to dissolve occluding thrombi is particularly disclosed in U.S. Patent No. 5,589,173. A 

30 specific method for using such antibodies is in the inhibition of coagulation in an extracorporeal circulation procedure 
in which blood is removed from a patient during a surgical procedure, such as a cardiopulmonary bypass procedure 
(U.S. Patent No. 5,437,864). 

[0106] As is developed more fully below (Section B), human TF has been cloned and available for some time (Mor- 
rissey et aL, 1987; Edgington et aL, 1991; U.S. Patent No. 5,110,730). In certain early studies, the same protein currently 

35 identified as human TF may be referred to as human TF heavy chain protein or the heavy chain of TF The gene 
encodes a polypeptide precursor of 295 amino acids in length, which includes a peptide leader with alternative cleavage 
sites, which is now known to lead to the formation of a protein of 263 amino acids in length. The recombinant expression 
of human TF in CHO cells has been reported to lead to the production of TF at a level that is described as being one 
of the highest expression levels reported for a recombinant transmembrane receptor following production in mammalian 

40 cells (Rehemtulla et aL, 1991). 

[0107] A recombinant form of TF has been constructed that contains only the cell surface or extracellular domain 
(Stone, et aL, 1995) and lacks the transmembrane and cytoplasmic regions of TF. This 'truncated' TF (tTF) is 219 
amino acids in length and is a soluble protein with approximately 10 5 times less factor X-activating activity relative to 
native transmembrane TF in an appropriate phospholipid membrane environment (Ruf, era/., 1991b). This difference 

45 in activity is because the TF:Vlla complex binds and activates Factors IX and X far more efficiently when associated 
with a negatively charged phospholipid surface (Ruf, era/, 1991b; Paborsky, era/., 1991). 

[01 08] Despite the significant impairment of coagulative capacity of the tTF, tTF can promote blood coagulation when 
tethered or functionally associated by some other means with a phospholipid or membrane environment. For example, 
it is demonstrated herein that using a bispecif ic antibody that binds tTF to a plasma membrane antigen allows restoration 
so of useful coagulating activity. This led one of the present inventors to develop methods for the specific coagulation of 
tumor vascular in vivo by using targeting constructs to deliver tTF or variants thereof specifically to the tumor vascular 
or stroma (WO 96/01653). Intravenous administration of such a "coaguligand" leads to localization of the coagulants 
within the tumor, thrombosis of the tumor vessels, and resultant tumor necrosis. 

[0109] The development of the intelligent, targeted delivery of coagulants to the tumor vasculature, as exemplified 
55 using a bispecific targeting antibody-tTF composition, may be seen as representing an improvement over classic im- 
munotoxin therapy. In fact, such coaguligand treatment induces thrombosis of tumor vessels in less than 30 minutes, 
in comparison to about 6 hours necessary to achieve the same effect following administration of an immunotoxin. 
Furthermore, there was no notable side effects as a result of the coaguligand treatment. Although the targeted delivery 
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of a coagulant such as tTF was surprisingly effective, this stills requires the preparation of the "targeting construct". 
[0110] Other studies of TF with vastly different objectives have also been reported to identify uses for tTF that do 
not rely on their association with a targeting agent. In this regard, tTF has lately been considered as a candidate for 
use in treating disorders such as hemophilia. This work may have developed from the attempts to use apo-TF in such 
5 treatments. Apo-TF is a delipidated preparation of TF that was proposed for infusion into hemophiliacs, based upon 
the hypothesis that this molecule would spontaneously and preferentially incorporate itself or associate with exposed 
membrane surfaces available at sites of injury. Thus, it was reasoned that apo-TF could be useful in such treatments 
without leading to significant side effects (O'Brien et a/., 1988; U.S. Patent No. 5,017,556). 

[0111] The apo-TF therapy has been proposed for use in chronic bleeding disorders characterized by a tendency 
10 towards hemorrhage, both inherited and acquired. U.S. Patent No. 5,01 7,556 describes such disorders as those con- 
nected with the deficiency of Factors VIII, IX or XI; or those connected with the acquisition of inhibitors to Factors V, 
VIII, IX, XI, XII and XIII. The use of apo-TF, characterized as being substantially devoid of the naturally occurring lipid 
of Tissue Factor and possessing substantially no procoagulant activity prior to administration, was acknowledged to 
be in contrast to the expected results, which would have been reasoned to lead to toxicity. It now appears that the 
*5 results described in U.S. Patent No. 5,01 7,556 generally represent an anomaly in the art, and these studies have been 
contradicted by other researchers working in this field. 

[0112] In fact, during attempts to put studies based upon those described above into practice, experimental animals 
were observed to develop side effects such as disseminated intervascular coagulation (DIC). This led to the conclusion 
that the intravenous administration of apo-TF is too dangerous to use (Sakai and Kisiel, 1990; U.S. Patent Nos. 
20 5,374,61 7; 5,504,064; and 5,504,067). 

[0113] The development of the soluble, truncated form of TF has not been recognized as solving the problems as- 
sociated with TF or apo-TF. For example, tTF has been dismissed as an alternative to TF, due to the fact that it has 
been characterized as having almost no procoagulant activity when tested with normal plasma (Paborsky et a/., 1991 ; 
U.S. Patent No. 5,374,617). 

25 [0114] The potential uses for tTF possible prior to the present invention are thus confined to the targeted delivery of 
tTF, e.g., using antibodies, and the possible use of tTF to treat a limited number of disorders when used in combination 
with other accessory molecules necessary for restoration of sufficient activity (U.S. Patent 5,374,617). This second 
possibility has been exploited in certain limited circumstances by combining the use of tTF with the administration of 
the clotting factor, Factor Vila. The combined use of Factor Vila with tTF results in restoration of sufficient coagulant 

30 activity for this combination to be of use in treating bleeding disorders, such as hemophilia. However, in contrast to the 
targeted delivery of coagulants such as tTF discussed in WO 96/01653, the tTF and Factor Vila combination therapy 
includes no concept of specific targeting. This therapy has therefore been proposed for use only in connection with 
patients in which coagulation is impaired (U.S. Patent Nos. 5,374,617; 5,504,064; and 5,504,067). 
[0115] The group of patients most readily identified with such impaired coagulation mechanisms are hemophiliacs, 

35 including those suffering from hemophilia A and hemophilia B, and those that have high titers of antibodies directed 
to clotting factors. In addition, this combined tTF and Factor Vila treatment has been proposed for use in connection 
with patients suffering from severe trauma, post-operative bleeding or even cirrhosis (U.S. Patent Nos. 5,374,617; 
5,504,064; and 5,504,067). Both systemic administration by infusion and topical application have been proposed as 
useful in such therapies. These therapies can thus be seen as supplementing the body with two clotting type "factors" 

40 in order to overcome any natural limitations in these or other related molecules in the coagulation cascade in order to 
arrest bleeding at a specific site. 

[01 16] Roy et at. have also proposed the use of certain Tissue Factor mutants in the treatment of myocardial infarction, 
particularly in the prevention of the reocclusion of coronary arteries (U.S. Patent No. 5,346,991). As such, the Tissue 
Factor mutants are being used as "thrombolytic agents", and are described as medicaments capable of lysing a fibrin- 
45 platelet thrombus in order to permit blood to again flow through an affected blood vessel. The TF mutants described 
are designed with the intention of being capable of neutralizing the effects of endogenous TF. Their use in connection 
with myocardial infarction therapy is said to permit early reperfusion, prevent reocclusion and to therefore limit tissue 
necrosis. 

[0117] The artificial means of recreating the natural environment in the context described above is linked to the 
so natural processes, wherein Tissue Factor was described as being constitutively present at boundaries between organs 
in order to allow it to function as an initiating molecule to arrest the bleeding. However, such limitation of bleeding 
episodes in hemophiliacs naturally needs to be achieved without tipping the balance of the coagulation pathways into 
widespread coagulation, which would be detrimental to such patients and would inhibit the oxygen supply to the par- 
ticular tissue or organ in question. Therefore, widespread circulation and activity of tTF would be undesirable and would 
55 not, in fact, be expected to occur from the studies described above. 

[01 18] Although tTF has not previously been shown to have any capacity to preferentially localize within a given site, 
and despite its known greatly diminished coagulative ability relative to native, full length Tissue Factor, the present 
invention demonstrates that when systematically administered to animals with solid tumors, tTF induces specific co- 
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aguiation of the tumor's blood supply, resulting in tumor regression. The various aspects of the present invention are 
therefore based on the discovery of the selective thrombosis of the tumor vessels by tTR 

A1 . Coagulation-Deficient TF 

5 

[0119] The surprising finding of the inventors that tTF specifically localized within tumors sufficiently so as to cause 
anti-tumor effect was discovered during studies using tTF as a control in antibody-coagulant ("coaguligand ") tumor 
targeting studies. From this initial discovery, the inventors developed the various aspects of the invention disclosed 
herein. The Tissue Factor compounds or constructs for use in the present invention have thus been developed from 
10 the original tTF first employed. Accordingly, various TF constructs may now be employed, including many different 
forms of tTF, longer but still impaired TFs, mutants TFs, any truncated, variant or mutant TFs modified or otherwise 
conjugated to improve their half-life, and all such functional equivalents thereof. However, it will be understood that 
each of the TF constructs for use in the invention are unified by the need to be "coagulation-deficient". As detailed 
herein below, there are various structural considerations that may be employed in the design of candidate coagulation- 
's deficient TFs, and various assays are available for confirming that the candidate TFs are indeed suitable for use in the 
treatment aspects of the present invention. Given that the technological skills for creating a variety of compounds, e. 
g., using molecular biology, are routine to those of ordinary skill in the art, and given the extensive structural and 
functional guidance provided herein, the ordinary artisan will be readily able to make and use a number of different 
coagulation-deficient TFs in the context of the present invention. 
20 [0120] Also as described in significant detail herein, any one or more of the variety of TFs may also be combined 
with other agents for use in the advantageous treatment of solid tumors and other diseases associated with prothrom- 
botic fluid vessels. In addition to combination with standard treatments, such as surgery and radiotherapy, the coagu- 
lation approach of the present invention may also be combined with the administration of classical chemotherapeutic 
drugs, other immunotoxins or coaguligands, or with additional clotting factors, as exemplified by Factor Vila. 
25 [0121] Given that the combined treatments are expected to give an additive, enhanced or even synergistic anti- 
tumor effect, those of skill in the art will also readily appreciate thatTF constructs that have less than optimal properties 
in the types of in vitro and in vivo assays described herein may still be used in the context of the present invention. For 
example, should a candidate coagulation-deficient TF construct have a coagulating activity towards the lower end of 
the scale recommended herein, such a molecule may still prove to be useful in combination with chemotherapeutics, 
30 clotting factors or other anti-cancer agents. Equally, candidate coagulation-deficient TF constructs that may be con- 
sidered to have a coagulating activity sufficiently high to cause concerns regarding side effects, may still prove to be 
useful after careful in vivo studies using experimental animals and in clinical studies beginning with low doses. There- 
fore, the following guidelines concerning the coagulation-deficient TF molecules are provided only as exemplary teach- 
ing, and those of ordinary skill in the art will readily appreciate that TF molecules that do not exactly fit within the 
35 structural and quantitative guidelines presented herein may still have significant therapeutic utility in the context of the 
present invention. Although determining this fact may often generally require in vivo tests in animals, such tests are 
routine to those of ordinary skill in the art and simply require administration and monitoring. 

A2. Structural Considerations for Coagulation-Deficient TF 

40 

[0122] Those of skill in the art will readily appreciate that the TF molecules for use in the present invention cannot 
be substantially native TF. This is evident as natural TF and close variants thereof are particularly active in promoting 
coagulation. Therefore, upon administration to an animal or patient, this would lead to widespread coagulation and 
would be lethal. Therefore, formulations of intact, natural TF should be avoided. Likewise, attempts to modulate the 
45 TF activity by manipulating its physical environment are not believed to be particularly productive in the context of the 
present invention. For example, the apo-TF approach of O'Brien and colleagues (1988) should be avoided due to the 
DIC that is expected to result. 

[0123] FIG. 2 is provided herein as an instructive model concerning the domains of the native TF molecule. It is an 
objective of the invention to provide TF molecules that do not substantially associate with the plasma membrane. 

50 Naturally, truncation of the molecule is the most direct manner in which to achieve a modified TF that does not bind to 
the membrane. These types of truncated constructs are described more fully below. However, actual truncation or 
shortening of the molecule is not the only mechanism by which operative TF variants may be created. By way of 
example only, mutations may be introduced into the C-terminal region of the molecule that normally traverses the 
membrane in order to prevent proper membrane insertion. It is contemplated that the insertion of various additional 

55 amino acids, or the mutation of those residues already present, may be used to effect such membrane expulsion. 
Therefore, modifications that may be considered in this regard are those that reduce the hydrophobicity of the C- 
terminal portion of the molecule so that the thermodynamic properties of this region are no longer favorable to mem- 
brane insertion. 
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[0124] In considering making structural modifications to the native TF molecule, those of skill in the art will be aware 
of the need to maintain significant portions of the molecule sufficient for the resultant TF variant to be able to function 
to promote at least some coagulation. An important consideration is that the TF molecule should substantially retain 
its ability to bind to Factor VII or Factor Vila. By reference to FIG. 2, it will be seen that the VII/VHa binding region is 
5 generally central to the molecule and such region should therefore be substantially maintained in all TF variants pro- 
posed for use in the present invention. The particular location of this binding region and optional use of mutants, either 
alone or in combination with other agents, is discussed in more detail below. 

[01 25] Nonetheless, certain sequence portions from the N-terminal region of the native TF are also contemplated to 
be dispensable. Therefore, one may introduce mutations into this region or may employ deletion mutants (N-terminal 
10 truncations) into the candidate TF molecules for use herewith. Given these guidelines, those of skill in the art will 
appreciate that the following exemplary truncated, dimeric, multimeric and mutant TF constructs are by no means 
limiting and that many other functionally equivalent molecules may be readily prepared and used. 

A3. Exemplary Coagulation-Deficient TF Constructs 

15 

[0126] The following exemplary Tissue Factor compositions, including the truncated, dimeric, multimeric and mutated 
versions, may exist as distinct polypeptides or may be conjugated to inert carriers, such as immunoglobulins, as de- 
scribed herein below. 

20 I. Truncated Tissue Factor 

[0127] As used herein, the term "truncated" when used in connection with TF means that the particular TF construct 
is lacking certain amino acid sequences. The term truncated thus means Tissue Factor constructs of shorter length, 
and differentiates these compounds from other Tissue Factor constructs that have reduced membrane association or 
25 binding. Although modified but substantially full-length TFs may thus be considered as functional equivalents of trun- 
cated TFs ("functionally truncated"), the term "truncated" is used herein in its classical sense to mean that the TF 
molecule is rendered membrane-binding deficient by removal of sufficient amino acid sequences to effect this change 
in property. 

[0128] Accordingly, a truncated TF protein or polypeptide is one that differs from native TF in that a sufficient amount 

30 of the transmembrane amino acid sequence has been removed from the molecule, as compared to the native Tissue 
Factor. A "sufficient amount" in this context is an amount of transmembrane amino acid sequence originally sufficient 
to enter the TF molecule in the membrane, or otherwise mediate functional membrane binding of the TF protein. The 
removal of such a "sufficient amount of transmembrane spanning sequence" therefore creates a truncated Tissue 
Factor protein or polypeptide deficient in phospholipid membrane binding capacity, such that the protein is substantially 

35 a soluble protein that does not significantly bind to phospholipid membranes, and that substantially fails to convert 
Factor VII to Factor Vila in a standard TF assay, and yet retains so-called catalytic activity including activating Factor 
X in the presence of Factor Vila. U.S. Patent No. 5,504,067 further describes such truncated Tissue Factor proteins. 
[0129] The preparation of particular truncated Tissue Factor constructs is described herein below. Preferably, the 
Tissue Factors for use in the present invention will generally lack the transmembrane and cytosolic regions (amino 

40 acids 220-263 of SEQ ID NO:12) of the protein. However, there is no need for the truncated TF molecules to be limited 
to molecules of the length of 21 9 amino acids. Therefore, constructs of between about 210 and about 230 amino acids 
in length may be used. In particular, the constructs may be about 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 
220, 221, 222, 223, 224, 225, 226, 227, 228, 229, or about 230 amino acids in length. Naturally, it will be understood 
that the intention is to substantially delete the transmembrane region of about 23 amino acids from the truncated 

45 molecule. Therefore, in truncated TF constructs that are longer than about 21 8-222 amino acids in length, the significant 
sequence portions thereafter will generally be comprised of about the 21 amino acids that form the cytosolic domain 
of the native TF molecule. In this regard, the truncated TF constructs may be between about 231 , 232, 233, 234, 235, 
236, 237, 238, 239, 240, or about 241 amino acids in length. 

[0130] In certain preferred embodiments, tTF may be designated as the extracellular domain of mature Tissue Factor 
so protein. Therefore, in exemplary preferred .embodiments, tTF may have the amino acid sequence of SEQ ID NO:1, 
comprising residues 1-219 of the mature protein (SEQ ID NO:12). SEQ ID NO:1 may be encoded by, for example, 
SEQ ID NO:10. Of course, SEQ ID NO:1 is only an exemplary tTF and any Tissue Factor protein derived from the 
nucleic acid sequence SEQ ID NO:1 1 , or related sequences, which possesses the desirable properties of high affinity 
binding to Factor VII or to Factor Vila and possesses a generally reduced procoagulation cofactor activity will be useful 
55 as disclosed herein. 



15 



EP 0 988 056 B1 



#7. Dimeric Tissue Factor constructs 

[0131] Previously it has been shown that it is possible for native Tissue Factor on the surface of J82 bladder carcinoma 
cells to exist as a dimer (Fair et a/., 1 987). The binding of one Factor VII or Factor Vila molecule to one Tissue Factor 

5 molecule may also facilitate the binding of another Factor VII or Factor Vila to another Tissue Factor (Fair etal., 1 987; 
Bach etal., 1986). Furthermore, Tissue Factor shows structural homology to members of the cytokine receptor family 
(Edgington era/., 1991) some of which dimerize to form active receptors (Davies and Wlodawer, 1995). As such it is 
contemplated that the truncated Tissue Factor compositions of the present invention may be useful as dimers. 
[0132] Accordingly, any of the truncated, mutated or otherwise coagulation-deficient Tissue Factor constructs dis- 

10 closed herein, or an equivalent thereof, may be prepared in a dimeric form for use in the present invention. As will be 
known to those of ordinary skill in the art, such TF dimers may be prepared by employing the standard techniques of 
molecular biology and recombinant expression, in which two coding regions are prepared in-frame and expressed from 
an expression vector. Equally, various chemical conjugation technologies may be employed in connection with the 
preparation of TF dimers. The individual TF monomers may be derivatized prior to conjugation. All such techniques 

is would be readily known to those of skill in the art. 

[01 33] If desired, the Tissue Factor dimers or multimers may be joined via a biologically-releasable bond, such as a 
selectively-cleavable linker or amino acid sequence. For example, peptide linkers that include a cleavage site for an 
enzyme preferentially located or active within a tumor environment are contemplated. Exemplary forms of such peptide 
linkers are those that are cleaved by urokinase, plasmin, thrombin , Factor IXa, Factor Xa, or a metalloproteinase, such 

20 as collagenase, gelatinase or stromelysin. 

[0134] In certain embodiments, the Tissue Factor dimers may further comprise a hindered hydrophobic membrane 
insertion moiety, to later encourage the functional association of the Tissue Factor with the phospholipid membrane, 
but only under certain defined conditions. As described in the context of the truncated Tissue Factors, hydrophobic 
membrane-association sequences are generally stretches of amino acids that promote association with the phosphol- 

25 jpid environment due to their hydrophobic nature. Equally, fatty acids may be used to provide the potential membrane 
insertion moiety. Such membrane insertion sequences may be located either at the N-terminus or the C-terminus of 
the TF molecule, or generally appended at any other point of the molecule so long as their attachment thereto does 
not hinder the functional properties of the TF construct. The intent of the hindered insertion moiety is that it remains 
non-functional until the TF construct localizes within the tumor environment, and allows the hydrophobic appendage 

30 to become accessible and even further promote physical association with the membrane. Again, it is contemplated 
that biologically-releasable bonds and selectively-cleavable sequences will be particularly useful in this regard, with 
the bond or sequence only being cleaved or otherwise modified upon localization within the tumor environment and 
exposure to particular enzymes or other bioactive molecules. 

[01 35] By way of example only, the inventors have constructed dimeric tTF corresponding to a dimer of C'-cys-tTFg^ 
35 (dimer of SEQ ID NO:3); a dimer of C'-cys-tTF 220 (dimer of SEQ ID NO:6); a dimer of C'-cys-tTF 221 (dimer of SEQ ID 
NO:7) and a dimer of H 6 -r\T-cys-tTF 219 (dimer of SEQ ID NO:2). However, it will now be understood that each of the 
foregoing sequences are exemplary and by no means limiting of the dimeric structures that may be created and used 
in accordance with the present invention. 

40 ///. Tri and Multimeric Tissue Factor Constructs 

[0136] In other embodiments the tTF constructs of the present invention may be multimeric or polymeric. In this 
context a "polymeric construct" contains 3 or more Tissue Factor constructs of the present invention. A "multimeric or 
polymeric TF construct" is a construct that comprises a first TF molecule or derivative operatively attached to at least 

45 a second and a third TF molecule or derivative, and preferably, wherein the resultant multimeric or polymeric construct 
is still deficient in coagulating activity as compared to wild-type TF. In preferred embodiments, the multimeric and 
polymeric TF constructs for use in this invention are multimers or polymers of truncated TF molecules, which may be 
optionally combined with other coagulation-deficient TF constructs or variants. The multimers may comprise between 
about 3 and about 20 such TF molecules, with between about 3 and about 1 5 or about 1 0 being preferred and between 

50 about 3 and about 10 being most preferred. Naturally, TF multimers of at least about 3, 4, 5, 6, 7, 8, 9 or 10 or so are 
included within the present invention. The individual TF units within the multimers or polymers may also be linked by 
selectively-cleavable peptide linkers or other biological-releasable bonds as desired. Again, as with the TF dimers 
discussed above, the constructs may be readily made using either recombinant manipulation and expression or using 
standard synthetic chemistry. 

55 

iv. Factor VII Activation Mutants 

[0137] Even further TF constructs useful in context of the present invention are those mutants deficient in the ability 
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to activate Factor VII. The basis for the utility of such mutants lies in the fact that they are also "coagulation-deficient". 
Such "Factor VII activation mutants" are generally defined herein as TF mutants that bind functional Factor Vll/Vlla, 
proteolytically activate Factor X, but are substantially free from the ability to proteolytically activate Factor VII. Accord- 
ingly, such constructs are TF mutants that lack Factor VII activation activity. 

5 [0138] The ability of such Factor VII activation mutants to function in promoting tumor-specific coagulation is based 
upon both the localization of the TF construct to tumor vasculature, and the presence of Factor Vila at low levels in 
plasma. Upon administration of such a Factor VII activation mutant, the mutant would generally localize within the 
vasculature of a vascularized tumor, as would any TF construct of the invention. Prior to localization, the TF mutant 
would be generally unable to promote coagulation in any other body sites, on the basis of its inability to convert Factor 

10 VII to Factor Vila. However, upon localization and accumulation within the tumor region, the mutant will then encounter 
sufficient Factor Vila from the plasma in order to initiate the extrinsic coagulation pathway, leading to tumor-specific 
thrombosis. 

[0139] As is developed more fully below, the most preferred use of the Factor VII activation mutants is in combination 
with the co-administration of Factor Vila. Although useful in and of themselves, as described above, such mutants will 

is generally have less than optimal activity given that Factor Vila is known to be present in plasma only at low levels 
(about 1 ng/ml, in contrast to about 500 ng/ml of Factor VII in plasma; U.S. Nos. 5,374,61 7; 5,504,064; and 5,504,067). 
Therefore, the co-administration of exogenous Factor Vila along with the Factor VII activation mutant is considerably 
preferred over the administration of the mutants alone. In that these mutants are expected to have almost no side 
effects, their combined use with simultaneous, preceding or subsequent administration of Factor Vila is a particularly 

20 advantageous aspect of the present invention. 

[0140] Any one or more of a variety of Factor VII activation mutants may be prepared and used in connection with 
either aspect of the present invention. There is a significant amount of scientific knowledge concerning the recognition 
sites on the TF molecule for Factor VI lA/lla. By way of example only, one may refer to the articles by Ruf and Edgington 
(1991a), Ruf etal. (1992c), and to WO 94/0751 5 and WO 94/28017, each specifically incorporated herein by reference 

25 for further guidance on these matters. It will thus be understood that the Factor VII activation region generally lies 
between about amino acid 1 57 and about amino acid 1 67 of the TF molecule. However, it is contemplated that residues 
outside this region may also prove to be relevant to the Factor VII activating activity, and one may therefore consider 
introducing mutations into any one or more of the residues generally located between about amino acid 1 06 and about 
amino acid 209 of the TF sequence (WO 94/07515). In terms of the preferred region, one may generally consider 

30 mutating any one or more of amino acids 147, 152, 154, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166 and/ 
or 167. With reference to the generally preferred candidate mutations outside this region, one may refer to the following 
amino acid substitutions: S16, T17, S39, T30, S32, D34, V67, L104, B105, T106, R131, R136, V145, V146, F147, 
V198, N199, R200 and K201, with amino acids A34, E34 and R34 also being considered (WO 94/28017). 
[0141] As mentioned, preferably the Tissue Factors are rendered deficient in the ability to activate Factor VII by 

35 altering one or more amino acids from the region generally between about position 1 57 and about position 1 67 in the 
amino acid sequence, when referring to SEQ ID NO: 12. Exemplary mutants are those wherein Trp at position 158 is 
changed to Arg (SEQ ID NO:8); wherein Ser at position 1 62 is changed to Ala; wherein Gly at position 1 64 is changed 
to Ala (SEQ ID NO:9); and the double mutant wherein Trp at position 158 is changed to Arg and Ser at position 162 
is changed to Ala. Of course these are exemplary mutations and it is envisioned that any Tissue Factor mutant having 

40 an altered amino acid composition that has the desirable characteristic of binding to Factor Vll/Vlla but not activating 
the coagulation cascade will be useful in the context of the present invention. 

44. Quantitative in Vitro Assessment of Coagulant Deficiency 

45 [0142] The Tissue Factor constructs for use in the present invention, whether they are truncated, mutated, truncated 
and mutated, dimeric, multimeric, conjugated to inert carriers to increase their half-life, or any combination of the fore- 
going, are each coagulation-deficient as compared to native, wild-type Tissue Factor. By the term "coagulation-defi- 
cient", as used herein, is meant that the TF constructs have an impaired ability to promote coagulation such that their 
administration into the systemic circulation of an animal or human patient does not lead to significant side effects or 

50 limiting toxicity. A TF construct can be readily analyzed in order to determine whether it meets this definition, simply 
by conducting a test in an experimental animal. However, the following detailed guidance is provided to assist those 
of skill in the art in the prior characterization and selection of appropriate candidates coagulation-deficient TF constructs, 
in order that any experimental animal studies may be conducted efficiently and cost-efficiently. 
[0143] In quantitative terms, the coagulation-deficient TFs will be 100-fold or more less active than full length, native 

55 TF, that is, they will be 100-fold or more less able to induce coagulation of plasma than is full length, native TF when 
tested in an appropriate phospholipid environment. 

[0144] More preferably, the impaired TFs should be 1 , 000-fold or more less able to induce coagulation of plasma 
than is full length, wild type TF in an appropriate phospholipid environment; even more preferably, the TFs should be 
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10,000-fold or more less able to induce coagulation of plasma than full length, wild type TF in such an environment; 
and most preferably, the impaired TFs should be 100,000-fold or more less able to induce coagulation of plasma than 
is full length, native TF in an appropriate phospholipid environment. It will be appreciated that this "100,000-fold° gen- 
erally corresponds to one of the currently preferred constructs, the truncated Tissue Factor of 21 9 amino acids in length 
5 (SEQIDNO:1). 

[01 45] Inherent within the definition of "X-fold or more less able to induce coagulation of plasma" is the concept that 
the subject TF undergoing investigation is still able to induce coagulation of plasma. Evidently, a TF that has been 
modified to render its completely unable to induce coagulation will generally not be useful in the context of the present 
invention. TFs that are less active than wild-type TF in the controlled, phospholipid assays by about 500,000-fold are 

10 still contemplated to have utility in connection herewith. Similarly, all TF variants and mutants that are between about 
500,000-fold and about 1,000,000-fold less able to induce coagulation of plasma than is full length, native TF in an 
appropriate phospholipid environment are still envisioned to have utility in certain embodiments. However, it is generally 
considered that 1 ,000, 000-fold (1 0 B ) impairment of activity will generally be about the least active that one would con- 
sider for use in the present invention. Furthermore, those TF constructs that are towards the less active end of the 

'5 stated range may find most utility in connection with certain, defined treatments regimens, or in combined therapies. 
The choice of particular TF variant and therapeutic strategy will be readily determined by one of ordinary skill in the art. 
[0146] Notwithstanding that there will be certain preferred and/or optimal uses and combinations of the various TF 
elements, the coagulation-deficient TFs for use in the present invention will generally be between about 100-fold and 
about 1,000,000-fold less active than wild-type TF; more preferably, will be between about 1,000-fold and about 

20 1 00,000-fold less active; and may be categorized as less active by any number within the stated ranges, including by 
about 1 0,000-fold. The ranges themselves may also be varied between about 1 , 000-fold and 1 ,000,000-fold, or between 
about 10,000-fold and 500,000-fold, or such like. 

[0147] Any one or more of a number of in vitro plasma coagulation activity assays may be employed in connection 
with the quantitative testing of candidate coagulation-deficient Tissue Factors. For example, one method of conducting 
25 an innate plasma coagulation activity assay is as follows: 

1) add about 50 u.l plasma (human or mouse) to plastic tubes at about 37°C; 

2) add about 50 uJ of relipidated full length TF (preferably from a commercial source, such as American Diagnostics 
30 inc., Greenwich, CT) at a range of concentrations in a suitable buffer such as calcium-free phosphate or HEPES 

buffered saline, pH 7.4 at 37°C. To other tubes add the Tissue Factor candidate truncated or mutant version at a 
range of concentrations in the same buffer. 



3) add about 50 uJ 30 mM CaCI 2 at about 37°C; 

35 

4) record the time for the first fibrin strands to form; and 



5) Construct a standard curve of full length TF concentration (mol per liter) against coagulation time. Construct a 
curve of the candidate mutant TF concentration (mol per liter) against coagulation time. Calculate the difference 
40 in activity between the full length TF and the "test" TF by comparing the concentration of each needed to give a 

coagulation time equivalent to about half the maximal decrease in coagulation time. The "test" mutant TF should 
be more than 100-fold less able than the full length TF on a molar basis to induce coagulation of plasma. 

[0148] Variations of this type of assay can be conducted, as would be evident to one of ordinary skill in the art. For 
45 example, one may conduct the assays based upon the attachment of Tissue Factor and the candidate Tissue Factor 
construct to a cell membrane or phospholipid surface, for example, using an antibody or other ligand to effect such an 
attachment. In such assays, the candidate or test truncated TF or TF mutant should be greater than 100-fold less 
effective at inducing coagulation of plasma than wild-type TF, when it is attached by means of an antibody or other 
ligand to a cell membrane or phospholipid surface. With Tissue Factor mutants that do not allow Factor VII to be 
so efficiently converted to Factor VI la, it may be necessary to add Factor Vila to the plasma to obtain this level of activity. 
In an exemplary assay, such activity can be measured using the following method: 

1) Cells such as A20 mouse lymphoma cells (l-A d positive) (e.g., 4 x 10 6 cells/ml, 50 uJ) in a buffer such as phos- 
phate-buffered saline are incubated for about 1 hour at about room temperature with an attachment-promoting 
55 agent, such as a bispecific antibody (50 ng/ml, 25 e.g., in terms of A20 cells, consisting of a Fab' arm of an 

antibody such as the B21-2 antibody directed against l-A d , linked to Fab* arm of an antibody such as the 10H10 
antibody directed against a non-inhibitory epitope on TF; 
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2) Prepare an identical set of tubes which contain cells, but no bispecific antibody or other tethering agent; 

3) Wash the cells effectively, e.g., twice at room temperature, and resuspend the cells in about 50 u,l of phosphate 
buffered saline. 

5 

4) Add varying concentrations of the candidate TF mutants in phosphate buffered saline (about 50 uJ) at about 
room temperature. The bispecific antibody or other tethering agent captures the TF mutant and brings it into close 
approximation to the cell surface. Factor Vila (1-10 nM) is added in addition to the TF mutant when it is desired 
to determine the activity in the presence of Factor Vila. The total volume per tube is adjusted to about 1 50 uJ with 

10 phosphate buffered saline. Tubes are incubated for about 1 h at about room temperature; 

5) Warm the cells to about 37°C. 

6) Add calcium chloride (about 50 mM, 50 u,l) and citrated mouse or human plasma (about 50 u.l) at about 37°C . 

15 

7) Record the time for the first fibrin strands to form; and 

8) Plot coagulation time (in seconds) against concentration of TF mutant (mol per liter) for cells coated or not 
coated with tethering agent, e.g., bispecific antibody. The TF mutant concentration that gives a coagulation time 

20 equivalent to approximately half the maximal decrease in coagulation time (usually 50-1 00 sec) is calculated. The 

enhancement in coagulation activity given by the bispecific antibody is calculated and should be in excess of 
100-fold. 

[0149] It is envisioned that candidate TF compositions prepared by the present invention may be tested using assays 
25 similar to those described above to confirm that their functionality has been maintained, but that their ability to promote 
coagulation has been impaired by at least the required amount of about 100-fold and preferably by about 1 , 000-fold, 
more preferably by about 10,000-fold, and most preferably by about 100,000-fold. 

[0150] In embodiments where it is contemplated that an additional agent should ultimately be used in combination 
with the candidate coagulation-deficient TF, it is important that the additional factor or agent be included in the in vitro 

30 assay. A particularly relevant example is the analysis of a Factor VII activation mutant, which should preferably be 
analyzed in conjunction with the addition of Factor Vila. However, Factor Vila is not the only additional component that 
may be tested in this manner. In general, the additional agents may be termed "additional candidates". To identify an 
additional candidate, or to optimize preferred amounts of the candidates for use in the present invention, one would 
conduct assays such as those described above in parallel. That is, one would measure or determine the coagulation 

35 jn the absence of the additional candidate, and then one would add the candidate substance to the composition and 
re-determine the time and/or extent of the blood coagulation. An additional candidate substance that functions in com- 
bination with a TF mutant or variant to result in an overall level of coagulation that is between about 1 00-fold and about 
1 ,000, 000-fold less than that observed with native TF will again be an appropriate combination for use in the context 
of the present invention. 

40 [01 51 ] Those of ordinary skill in the art will understand that each of the foregoing in vitro assays and variations thereof 
are relatively simple to establish and perform. In this manner, a panel of candidates TF variants and combinations of 
TFs with other agents can be tested and the most promising candidates selected for further studies, particularly for 
experimental testing in an animal or human trial. 

[01 52] Notwithstanding that the foregoing assays are believed to be particularly useful in connection with the present 
45 invention, the in vitro testing contemplated for use herewith is not limited to such assays. Accordingly, one may conduct 
any type of coagulation or procoagulation assay that one desires. For example, for further details regarding tTF and 
procoagulation assays, the skilled practitioner is referred to U.S. Patent Nos. 5,437,864; 5,223,427; and 5,110,730 and 
PCT publication numbers WO 94/28017; WO 94/05328; and WO 94/07515, each of which supplement the present 
disclosure in regard to assays. 

50 

A5. Confirmatory In Vivo Studies 

[01 53] It will be understood by those of skill in the art that the candidate coagulation-deficient Tissue Factor mutants, 
variants or combinations of such with additional agents, should generally be tested in an in vivo setting prior to use in 
55 a human subject. Such pre-clinical testing in animals is routine in the art. To conduct such confirmatory tests, all that 
is required is an art-accepted animal model of the disease in question, such as an animal bearing a solid tumor. Any 
animal may be used in such a context, such as, e.g., a mouse, rat, guinea pig, hamster, rabbit, dog, chimpanzee, or 
such like. In the context of cancer treatment, studies using small animals such as mice are widely accepted as being 
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predictive of clinical efficacy in humans, and such animal models are therefore preferred in the context of the present 
invention as they are readily available and relatively inexpensive, at least in comparison to other experimental animals. 
[0154] The manner of conducting an experimental animal test will be straightforward to those of ordinary skill in the 
art. All that is required to conduct such a test is to establish equivalent treatment groups, and to administer the test 
5 compounds to one group while various control studies are conducted in parallel on the equivalent animals in the re- 
maining group or groups. One monitors the animals during the course of the study and, ultimately, one sacrifices the 
animals to analyze the effects of the treatment. 

[0155] One of the most useful features of the present invention is its application to the treatment of vascularized 
tumors. Accordingly, anti-tumor studies can be conducted to determine the specific thrombosis within the tumor vas- 
10 culature and the anti-tumor effects overall. As part of such studies, the specificity of the effects should also be monitored, 
including evidence of coagulation in other vessels and tissues and the general well being of the animals should be 
carefully monitored. 

[0156] In the context of the treatment of solid tumors, it is contemplated that effective TF constructs and effective 
amounts of the constructs will be those constructs and amounts that generally result in at least about 1 0% of the vessels 

'5 within a vascularized tumor exhibiting thrombosis, in the absence of significant thrombosis in non-tumor vessels; pref- 
erably, thrombosis will be observed in at least about 20%, about 30%, about 40%, or about 50% also of the blood 
vessels within the solid tumor mass, without significant non-localized thrombosis. In the treatment of large tumors, 
such positive effects have been routinely observed by the present inventors. Indeed, tumors have been analyzed in 
which at least about 60%, about 70%, about 80%, about 85%, about 90%, about 95% or even up to and including 

20 about 99% of the tumor vessels have become thrombotic. Naturally, the more vessels that exhibit thrombosis, the more 
preferred is the treatment, so long as the effect remains specific, relatively specific or preferential to the tumor-asso- 
ciated vasculature and so long as coagulation is not apparent in other tissues to a degree sufficient to cause significant 
harm to the animal. 

[0157] Following the induction of thrombosis within the tumor blood vessels, the surrounding tumor tissues become 

25 necrotic. The successful use of the constructs for use in the invention, or the doses thereof, can thus also be assessed 
in terms of the expanse of the necrosis induced specifically in the tumor. Again, the expanse of cell death in the tumor 
will be assessed relative to the maintenance of healthy tissues in all other areas of the body. TF agents, combinations 
or optimal doses will have therapeutic utility in accordance with the present invention when their administration results 
in at least about 10% of the tumor tissue becoming necrotic (10% necrosis). Again, it is preferable to elicit at least 

30 about 20%, about 30%, about 40% or about 50% necrosis in the tumor region, without significant, adverse side-effects. 
Such beneficial effects have again been observed by the present inventors. Naturally, it will be preferable to use con- 
structs and doses capable of inducing at least about 60%, about 70%, about 80%, about 85%, about 90%, about 95% 
up to and including 99% tumor necrosis, so long as the constructs and doses used do not result in significant side 
effects or other untoward reactions in the animal. 

35 [0158] All of the above determinations can be readily made and properly assessed by those of ordinary skill in the 
art. For example, attendant scientists and physicians can utilize such data from experimental animals in the optimization 
of appropriate doses for human treatment. In subjects with advanced disease, a certain degree of side effects can be 
tolerated. However, patients in the early stages of disease can be treated with more moderate doses in order to obtain 
a significant therapeutic effect in the absence of side effects. The effects observed in such experimental animal studies 

40 should preferably be statistically significant over the control levels and should be reproducible from study to study. 
[01 59] Those of ordinary skill in the art will further understand that TF constructs, combinations and doses that result 
in tumor-specific thrombosis and necrosis towards the lower end of the effective ranges quoted above may nonetheless 
still be useful in connection with the present invention. For example, in embodiments where a continued application of 
the active agents is contemplated, an initial dose of a construct that results in only about 10% thrombosis and/or 

45 necrosis will nonetheless be useful, particularly as it is often observed that this initial reduction "primes" the tumor to 
further destructive assault upon subsequent re-application of the therapy. In any event, even if upwards of about 40% 
or so tumor inhibition is not ultimately achieved (which is the general goal), it will be understood that any induction of 
thrombosis and necrosis is nonetheless useful in that it represents an advance over the state of the patients prior to 
treatment. 

50 [0160] As discussed above in connection with the in vitro test system, it will naturally be understood that combinations 
of agents intended for use together should be tested and optimized together. By way of example only, the Factor Vila 
activation mutant of the present invention fall into this category and should generally be tested in conjunction with the 
simultaneous, prior or subsequent administration of exogenous Factor Vila. Similarly, the individual TF constructs of 
the present invention can be straightforwardly analyzed in combination with one or more chemotherapeutic drugs, 

55 immunotoxins, coaguligands or such like. Analysis of the combined effects of such agents would be determined and 
assessed according to the guidelines set forth above. 
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A6. Biologically Functional Equivalents 

[0161] As discussed, tTF compositions useful in the present invention are those that will generally promote coagu- 
lation at least 100-fold less effectively than wild type TF. In other embodiments the tTF promotes coagulation at least 
5 10 3 fold less effectively, in yet other embodiments the tTF promotes coagulation at least 10 4 or even 10 5 times less 
effectively than wild type TF, with TFs that are about 10 6 times or so less active than wild type TF being about the 
intended minimum activity required. 

[0162] Exemplary TFs are those that lack the transmembrane and cytosolic region (amino acids 220-263). An ex- 
emplary tTF of the present invention is given in SEQ ID NO:1 and contains amino acids 1-219 of wild type Tissue 

10 Factor (SEQ ID NO: 1 2). Of course this is only an exemplary tTF and other tTF construct are contemplated, for example, 
a construct comprising amino acids 1-220; 2-219, 3-219 or any other truncation of SEQ ID NO:12 that renders the 
molecule lacking in the transmembrane domain and/or cytosolic domains of wild type Tissue Factor otherwise results 
in a functionally comparative molecule. Mutants are also contemplated, as described in detail above. 
[0163] Using the detailed guidance provided above, even further equivalents of the TFs can be made. Modifications 

'5 and changes may be made in the structure of TF and still obtain a molecule having like or otherwise desirable char- 
acteristics. For example certain amino acids may substituted for other amino acids in a protein structure without ap- 
preciable loss of interactive binding capacity, such as, for example, binding to Factor Vila. Since it is the interactive 
capacity and nature of a protein that defines that protein's biological functional activity, certain amino acid sequence 
substitutions can be made in a protein sequence (or of course, the underlying DNA sequence) and nevertheless, obtain 

20 a protein with like (agonistic) properties. It is thus contemplated that various changes may be made in the sequence 
of TF (SEQ ID NO:12) proteins and peptides (or underlying DNA sequence, SEQ ID NO:11) without appreciable loss 
of their biological utility or activity. 

[0164] It also is well understood by the skilled artisan that, inherent in the definition of a biologically functional equiv- 
alent protein or peptide, is the concept that there is a limit to the number of changes that may be made within a defined 
25 portion of the molecule and still result in a molecule with an acceptable level of equivalent biological activity. Biologically 
functional equivalent peptides are thus defined herein as those peptides in which certain, not most or all, of the amino 
acids may be substituted. Of course, a plurality of distinct proteins/peptides with different substitutions may easily be 
made and used in accordance with the invention. 

[0165] Amino acid substitutions are generally based on the relative similarity of the amino acid side-chain substitu- 

30 ents, for example, their hydrophobicity, hydrophilicity, charge, size, and the like. An analysis of the size, shape and 
type of the amino acid side-chain substituents reveals that arginine, lysine and histidine are all positively charged 
residues; that alanine, glycine and serine are all a similar size; and that phenylalanine, tryptophan and tyrosine all have 
a generally similar shape. Therefore, based upon these considerations, arginine, lysine and histidine; alanine, glycine 
and serine; and phenylalanine, tryptophan and tyrosine; are defined herein as biologically functional equivalents. 

35 [0166] In making more quantitative changes, the hydropathic index of amino acids may be considered. Each amino 
acid has been assigned a hydropathic index on the basis of their hydrophobicity and charge characteristics, these are: 
isoleucine (+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine (+2.5); methionine (+1 .9); alanine 
(+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophan (-0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2); 
glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and arginine (-4.5). 

40 [0167] The importance of the hydropathic amino acid index in conferring interactive biological function on a protein 
is generally understood in the art (Kyte and Doolittle, 1982, incorporated herein by reference). It is known that certain 
amino acids may be substituted for other amino acids having a similar hydropathic index or score and still retain a 
similar biological activity In making changes based upon the hydropathic index, the substitution of amino acids whose 
hydropathic indices are within ±2 is preferred, those which are within +1 are particularly preferred, and those within 

45 +0.5 are even more particularly preferred. 

[0168] It is thus understood that an amino acid can be substituted for another having a similar hydrophilicity value 
and still obtain a biologically equivalent protein. As detailed in U.S. Patent No. 4,554,101 (incorporated herein by 
reference), the following hydrophilicity values have been assigned to amino acid residues: arginine (+3.0); lysine (+3.0); 
aspartate (+3.0 ± 1); glutamate (+3.0 ± 1); serine (+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0); threonine (- 

so 0.4); proline (-0.5 ± 1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5); leucine (-1.8); 
isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4). 

[0169] In making changes based upon hydrophilicity values, the substitution of amino acids whose hydrophilicity 
values are within ±2 is preferred, those which are within ±1 are particularly preferred, and those within ±0.5 are even 
more particularly preferred. 

55 
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B. Tissue Factor Polynucleotides 
B1. DN A Segments 

5 [0170] The polynucleotides encoding the TFs for use in the present invention may encode an entire TF protein, so 
long as It is coagulation-deficient, a functional TF protein domain, or any TF polypeptide, mutant or variant in accordance 
with the detailed guidance set forth herein. Whether one desires to prepare a truncated TF, a mutant TF or a truncated 
and mutated TF, the underlying useful DNA segment and gene will be generally the same. In that the human DNA for 
the entire TF molecule is available, it will generally be preferred to use this human construct given that clinical treatment 

10 in humans is intended. However, the use of other TF genes is by no means excluded, so long as the protein produced 
does not elicit significant immunological or other untoward reactions upon administration to a human patient. The 
methods and compositions described in U.S. Patent No. 5,110,730 are specifically incorporated herein by reference 
for the purposes of even further supplementing Applicants' disclosure concerning the genes and DNA segments for 
use herewith. 

15 [01 71 ] The polynucleotides may be derived from genomic DNA, i.e., cloned directly from the genome of a particular 
organism. In other embodiments, however, the polynucleotides may be complementary DNA (cDNA). cDNA is DNA 
prepared using messenger RNA (mRN A) as template. Thus, a cDNA does not contain any interrupted coding sequenc- 
es and usually contains almost exclusively the coding region(s) for the corresponding protein. In other embodiments, 
the polynucleotide may be produced synthetically. As is known to those of skill in the art, it is generally preferred to 

20 use a cDNA construct in the recombinant expression given that such constructs are easier to manipulate and use. The 
use of longer, genomic clones up to and including full length sequences are, however, by no means excluded. 
[0172] Although a surprising feature of the present invention is that the TF constructs preferentially are specifically 
localized In the vasculature of a solid tumor and induce specific anti-tumor effects therein, it is also contemplated that 
" theTF proteins and polypeptides may be delivered to the tumor environment using a recombinant vector that expresses 

25 the TF products. Such "gene therapy" approaches to cancer treatment can be readily practiced by reference to certain 
scientific references concerning appropriate constructs and protocols. By way of example only, one may use a viral 
vector, such as a retroviral vector, herpes simplex virus, HSV (U.S. Patent No. 5,288,641), cytomegalovirus; adeno- 
associated virus, AAV (U.S. Patent No. 5,139,941); and/or an adenoviral vector. 

[0173] The genomic human DNA sequence for TF is provided in SEQ ID NO:11 , with the corresponding amino acid 
30 sequence being provided in SEQ ID NO:12. Should one desire to express Factor VII, the DNA and amino acid se- 
quences are provided in SEQ ID NO: 13 and SEQ ID NO: 14, respectively. 

[0174] It is contemplated that natural variants of TF exist that have different sequences than those disclosed herein. 
Thus, the present invention is not limited to use of the provided polynucleotide sequence for TF but, rather, includes 
use of any naturally-occurring variants. The present invention also encompasses chemically synthesized mutants of 
35 these sequences, intelligently designed following an application of the structural and quantitated functional consider- 
ations detailed above. 

[0175] Another kind of sequence variant results from codon variation. Because there are several codons for most of 
the 20 normal amino acids, many different DNA's can encode the TF Reference to Table I will allow such variants to 
be identified. 

40 



TABLE I 
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50 



55 



Amino Acids 


Codons 


Alanine 


Ala 


A 


GCA 


GCC 


GCG 


GCU 






Cysteine 


Cys 


C 


UGC 


UGU 










Aspartic acid 


Asp 


D 


GAC 


GAU 










Glutamic acid 


Glu 


E 


GAA 


GAG 










Phenylalanine 


Phe 


F 


UUC 


UUU 










Glycine 


Gly 


G 


GGA 


GGC 


GGG 


GGU 






Histidine 


His 


H 


CAC 


CAU 










Isoleucine 


He 


I 


AUA 


AUC 


AUU 








Lysine 


Lys 


K 


AAA 


AAG 










Leucine 


Leu 


L 


UUA 


UUG 


CUA 


cue 


CUG 


CUU 


Methionine 


Met 


M 


AUG 












Asparagine 


Asn 


N 


AAC 


AAU 










Proline 


Pro 


P 


CCA 


CCC 


CCG 


ecu 
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TABLE I (continued) 



Amino Acids 


Codons 


Glutamine 


Gin 


Q 


CAA 


CAG 










Arginine 


Arg 


R 


AGA 


AGG 


CGA 


CGC 


CGG 


CGU 


Serine 


Ser 


S 


AGC 


AGU 


UCA 


UCC 


UCG 


UCU 


Threonine 


Thr 


T 


ACA 


ACC 


ACG 


ACU 






Valine 


Val 


V 


GUA 


GUC 


GUG 


GUU 






Tryptophan 


Trp 


W 


UGG 












Tyrosine 


Tyr 


Y 


UAC UAU 













B2. Mutagenesis 

[0176] Site-specific mutagenesis is a technique useful in the preparation of individual peptides, or biologically func- 
tional equivalent proteins or peptides, through specific mutagenesis of the underlying DNA. The technique further 
provides a ready ability to prepare and test sequence variants, incorporating one or more of the foregoing considera- 
tions, by introducing one or more nucleotide sequence changes into the DNA. Site-specific mutagenesis allows the 
production of mutants through the use of specific oligonucleotide sequences which encode the DNA sequence of the 
desired mutation, as well as a sufficient number of adjacent nucleotides, to provide a primer sequence of sufficient 
size and sequence complexity to form a stable duplex on both sides of the deletion junction being traversed. Typically, 
a primer of about 17 to 25 nucleotides in length is preferred, with about 5 to 10 residues on both sides of the junction 
of the sequence being altered. 

[0177] The technique of site-specific mutagenesis is well known in the art. As will be appreciated, the technique 
typically employs a bacteriophage vector that exists in both a single stranded and double stranded form. Typical vectors 
useful in site-directed mutagenesis include vectors such as the M13 phage. These phage vectors are commercially 
available and their use is generally well known to those skilled in the art. Double stranded plasmids are also routinely 
employed in site directed mutagenesis, which eliminates the step of transferring the gene of interest from a phage to 
a plasmid. 

[0178] In general, site-directed mutagenesis is performed by first obtaining a single-stranded vector, or melting of 
two strands of a double stranded vector which includes within its sequence a DNA sequence encoding the desired 
protein. An oligonucleotide primer bearing the desired mutated sequence is synthetically prepared. This primer is then 
annealed with the single-stranded DNA preparation, and subjected to DNA polymerizing enzymes such as E. coli 
polymerase I Klenow fragment, in order to complete the synthesis of the mutation-bearing strand. Thus, a heteroduplex 
is formed wherein one strand encodes the original non-mutated sequence and the second strand bears the desired 
mutation. This heteroduplex vector is then used to transform appropriate cells, such as E. coli cells, and clones are 
selected that include recombinant vectors bearing the mutated sequence arrangement. 

[0179] The preparation of sequence variants of the selected gene using site-directed mutagenesis is provided as a 
means of producing potentially useful species and is not meant to be limiting, as there are other ways in which sequence 
variants of genes may be obtained. For example, recombinant vectors encoding the desired gene may be treated with 
mutagenic agents, such as hydroxylamine, to obtain sequence variants. Suitable techniques are also described in U. 
S. Patent 4,888,286, incorporated herein by reference. 

[0180] Although the foregoing methods are suitable for use in mutagenesis, the use of the polymerase chain reaction 
(PCR™) is generally now preferred. This technology offers a quick and efficient method for introducing desired muta- 
tions into a given DNA sequence. The following text particularly describes the use of PCR™ to introduce point mutations 
into a sequence, as may be used to change the amino acid encoded by the given sequence. Adaptations of this method 
are also suitable for introducing restriction enzyme sites into a DNA molecule. 

[0181] In this method, synthetic oligonucleotides are designed to incorporate a point mutation at one end of an am- 
plified segment. Following PCR™, the amplified fragments are blunt-ended by treating with Klenow fragments, and 
the blunt-ended fragments are then ligated and subcloned into a vector to facilitate sequence analysis. 
[0182] To prepare the template DNA that one desires to mutagenize, the DNA is subcloned into a high copy number 
vector, such as pUC19, using restriction sites flanking the area to be mutated. Template DNA is then prepared using 
a plasmid miniprep. Appropriate oligonucleotide primers that are based upon the parent sequence, but which contain 
the desired point mutation and which are flanked at the 5' end by a restriction enzyme site, are synthesized using an 
automated synthesizer. It is generally required that the primer be homologous to the template DNA for about 1 5 bases 
or so. Primers may be purified by denaturing polyacrylamide gel electrophoresis, although this is not absolutely nec- 
essary for use in PCR™. The 5' end of the oligonucleotides should then be phosphorylated. 

[0183] The template DNA should be amplified by PCR™, using the oligonucleotide primers that contain the desired 
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point mutations. The concentration of MgCI 2 in the amplification buffer will generally be about 15 mM. Generally about 
20-25 cycles of PCR™ should be carried out as follows: denaturation, 35 sec. at 95°C; hybridization, 2 min. at 50°C; 
and extension, 2 min. at 72°C. The PCR™ will generally include a last cycle extension of about 10 min. at 72°C. After 
the final extension step, about 5 units of Klenow fragments should be added to the reaction mixture and incubated for 
5 a further 15 min. at about 30°C. The exonuclease activity of the Klenow fragments is required to make the ends flush 
and suitable for blunt-end cloning. 

[0184] The resultant reaction mixture should generally be analyzed by nondenaturing agarose or acrylamide gel 
electrophoresis to verify that the amplification has yielded the predicted product. One would then process the reaction 
mixture by removing most of the mineral oils, extracting with chloroform to remove the remaining oil, extracting with 
10 buffered phenol and then concentrating by precipitation with 100% ethanol. Next, one should digest about half of the 
amplified fragments with a restriction enzyme that cuts at the flanking sequences used in the oligonucleotides. The 
digested fragments are purified on a low gelling/melting agarose gel. 

[01 85] To subclone the fragments and to check the point mutation, one would subclone the two amplified fragments 
into an appropriately digested vector by blunt-end ligation. This would be used to transform B. coli, from which plasmid 
15 DNA could subsequently be prepared using a miniprep. The amplified portion of the plasmid DNA would then be 
analyzed by DNA sequencing to confirm that the correct point mutation was generated. This is important as Taq DNA 
polymerase can introduce additional mutations into DNA fragments. 

[0186] The introduction of a point mutation can also be effected using sequential PCR™ steps. In this procedure, 
the two fragments encompassing the mutation are annealed with each other and extended by mutually primed syn- 

20 thesis. This fragment is then amplified by a second PCR™ step, thereby avoiding the blunt-end ligation required in the 
above protocol. In this method, the preparation of the template DNA, the generation of the oligonucleotide primers and 
the first PCR™ amplification are performed as described above. In this process, however, the chosen oligonucleotides 
should be homologous to the template DNA for a stretch of between about 15 and about 20 bases and must also 
overlap with each other by about 1 0 bases or more. 

25 [0187] In the second PCR™ amplification, one would use each amplified fragment and each flanking sequence 
primer and carry PCR™ for between about 20 and about 25 cycles, using the conditions as described above. One 
would again subclone the fragments and check that the point mutation was correct by using the steps outlined above. 
[0188] In using either of the foregoing methods, it is generally preferred to introduce the mutation by amplifying as 
small a fragment as possible. Of course, parameters such as the melting temperature of the oligonucleotide, as will 

30 generally be influenced by the GC content and the length of the oligo, should also be carefully considered. The execution 
of these methods, and their optimization if necessary, will be known to those of skill in the art, and are further described 
in various publications, such as Current Protocols in Molecular Biology, 1995. 



B3. Expression Constructs and Protein Production 

35 

[0189] Throughout this application, the term "expression construct" is meant to include any type of genetic construct 
containing a nucleic acid coding for a gene product in which part or all of the nucleic acid encoding sequence is capable 
of being transcribed. The transcript will generally be translated into a protein. Thus, expression preferably includes 
both transcription of aTF gene and translation of a TF mRNA into a TF protein product. 

40 [0190] A technique often employed by those skilled in the art of protein production today is to obtain a so-called 
"recombinant" version of the protein, to express it in a recombinant cell and to obtain the protein from such cells. These 
techniques are based upon the "cloning" of a DNA molecule encoding the protein from a DNA library, i.e., on obtaining 
a specific DNA molecule distinct from other portions of DNA. This can be achieved by, for example, cloning a cDNA 
molecule, or cloning a genomic-like DNA molecule. Techniques such as these would be appropriate for the production 

45 of particular TF compositions in accordance with the present invention. Recombinant fusion proteins are discussed in 
further detail herein below, and in U.S. Patent No. 5,298,599, further exemplifies of fusion protein production and use. 
[01 91 ] For the expression of TF, once a suitable (full-length if desired) clone or clones have been obtained, whether 
they be cDNA based or genomic, one may proceed to prepare an expression system for the recombinant preparation 
of TFs. The engineering of DNA segment(s) for expression in a prokaryotic or eukaryotic system may be performed 

50 by techniques generally known to those of skill in recombinant expression. It is believed that virtually any expression 
system may be employed in the expression of these proteins. 

[01 92] Such proteins may be successfully expressed in eukaryotic expression systems, e.g., CHO cells, as described 
by Rehemtulla et al. (1991), however, it is envisioned that bacterial expression systems, such as E. coli pQE-60 will 
be particularly useful for the large-scale preparation and subsequent purification of the proteins or peptides. cDNAs 
55 forTF may be expressed in bacterial systems, with the encoded proteins being expressed as fusions with |3-galactos- 
idase, ubiquitin, Schistosoma japonicum glutathione S-transferase, and the like. It is believed that bacterial expression 
will have advantages over eukaryotic expression in terms of ease of use and quantity of materials obtained thereby. 
The techniques of U.S. Patent Nos. 5,298,599 and 5,346,991 are also incorporated herein by reference to even further 
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supplement the soluble Tissue Factor production methods disclosed herein, with U.S. Patent No. 5,346,991 being 
particularly incorporated for the purposes of even further supplementing the disclosure regarding the creation and 
production of Tissue Factor mutants and variants. 

[0193] In order for the construct to effect expression of a TF transcript, the polynucleotide encoding the TF polynu- 
5 cleotide will be under the transcriptional control of a promoter. A "promoter" refers to a DNA sequence recognized by 
the synthetic machinery of the host cell, or introduced synthetic machinery, that is required to initiate the specific tran- 
scription of a gene. The phrase "under transcriptional control" means that the promoter is in the correct location in 
relation to the polynucleotide to control RNA polymerase initiation and expression of the polynucleotide. The term 
promoter will be used here to refer to a group of transcriptional control modules that are clustered around the initiation 
10 site for RNA polymerase II. 

[01 94] In terms of microbial expression, U.S. Patent Nos. 5,583,01 3; 5,221 ,61 9; 4,785,420; 4,704,362; and 4,366,246 
further supplement the present disclosure in connection with the expression of genes in recombinant host cells. 

B4. Purification of Tissue Factor and Related Compositions 

15 

[0195] Once the peptides have been expressed they may be isolated and purified using protein purification tech- 
niques well known to those of skill in the art. Such compositions will be employed alone or in combination with antibodies, 
chemotherapeutics and effector ligands as therapeutic agents in the treatment of tumors as detailed herein below. 
Exemplary peptides of the present invention are shown in SEQ ID NO:1 -SEQ ID NO:9, of course it is understood that 
20 these are only exemplary and any mutations, alterations or naturally occurring variants of these sequences are also 
contemplated to be useful in conjunction with the present invention. 

[01 96] Protein purification techniques are well known to those of skill in the art. These techniques tend to involve the 
fractionation of the cellular milieu to separate the protein of interest from other components of the mixture. Analytical 
methods particularly suited to the preparation of a pure peptide are ion-exchange chromatography, exclusion chroma- 
25 tography, polyacrylamide gel electrophoresis, isoelectric focusing and the like. A particularly efficient method of purifying 
peptides is fast protein liquid chromatography or even HPLC. 

[0197] Various other techniques suitable for use in protein purification will be well known to those of skill in the art. 
These include, for example, precipitation with ammonium sulfate, PEG, antibodies and the like or by heat denaturation, 
followed by centrifugation; chromatography steps such as ion exchange, gel filtration, reverse phase, hydroxylapatite 
30 and affinity chromatography; isoelectric focusing; gel electrophoresis; and combinations of such and other techniques. 
As is generally known in the art, it is believed that the order of conducting the various purification steps may be changed, 
or that certain steps may be omitted, and still result in a suitable method for the preparation of a substantially purified 
protein or peptide. 

[01 98] As disclosed herein in detail, the generally preferred techniques for purifying expressed TF constructs for use 
35 in the present invention involve the generation of a TF molecule that includes an affinity purification tag and the use 
of an affinity separation matrix for obtaining the TF construct free from most or all contaminating species. Many such 
fusion protein tags are known to those of ordinary skill in the art and such expression and separating protocols can be 
easily executed. Technology is also available for cleaving the original affinity tag prior to use of the released protein or 
polypeptide, which may be effected by inserting a protease-sensitive linker between the affinity tag and the protein of 
40 interest. Such methodology is indeed employed in connection with aspects of the present invention. U.S. Patent 
5,298,599 is also instructive in this regard. However, it is also known that many such tags do not impair the ability of 
the expressed protein to carry out their biological functions, and removal of a tag is not necessarily required prior to 
use of the TF construct in the present invention. 

45 c. Pharmaceutical Compositions and Kits 

[0199] Pharmaceutical compositions of the present invention will generally comprise an effective amount of the tTF 
dissolved or dispersed in a pharmaceutical ly acceptable carrier or aqueous medium. 

[0200] The phrases "pharmaceutical ly or pharmacologically acceptable" refer to molecular entities and compositions 
50 that do not produce an adverse, allergic or other untoward reaction when administered to an animal, or a human, as 
appropriate. As used herein, "pharmaceutically acceptable carrier" includes any and all solvents, dispersion media, 
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents and the like. The use of such 
media and agents for pharmaceutical active substances is well known in the art. Except insofar as any conventional 
media or agent is incompatible with the active ingredient, its use in the therapeutic compositions is contemplated. 
55 Supplementary active ingredients can also be incorporated into the compositions. 
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C1. Parenteral Formulations 

[0201] The tTF of the present invention will often be formulated for parenteral administration, e.g., formulated for 
injection wathe intravenous, intramuscular, sub-cutaneous or other such routes, including direct instillation into a tumor 
or disease site. The preparation of an aqueous composition that contains a tumor-targeted coagulant agent as an 
active ingredient will be known to those of skill in the art in light of the present disclosure. Typically, such compositions 
can be prepared as injectables, either as liquid solutions or suspensions; solid forms suitable for using to prepare 
solutions or suspensions upon the addition of a liquid prior to injection can also be prepared; and the preparations can 
also be emulsified. 

[0202] Solutions of the active compounds as free base or pharmacologically acceptable salts can be prepared in 
water suitably mixed with a surfactant, such as hydroxypropyicellulose. Dispersions can also be prepared in glycerol, 
liquid polyethylene glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and use, these prep- 
arations contain a preservative to prevent the growth of microorganisms. 

[0203] The pharmaceutical forms suitable for injectable use include sterile aqueous solutions or dispersions; formu- 
lations including sesame oil, peanut oil or aqueous propylene glycol; and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersions. In all cases the form must be sterile and must be fluid to the 
extent that easy syringability exists. It must be stable under the conditions of manufacture and storage and must be 
preserved against the contaminating action of microorganisms, such as bacteria and fungi. 

[0204] The tTF compositions can be formulated into a composition in a neutral or salt form. Pharmaceutical ly ac- 
ceptable salts, include the acid addition salts (formed with the free amino groups of the protein) and which are formed 
with inorganic acids such as, for example, hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, 
tartaric, mandelic, and the like. Salts formed with the free carboxyl groups can also be derived from inorganic bases 
such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such organic bases as iso- 
propylamine, trimethylamine, histidine, procaine and the like. 

[0205] The carrier can also be a solvent or dispersion medium containing, for example, water, ethanol, polyol (for 
example, glycerol, propylene glycol, and liquid polyethylene glycol, and the like), suitable mixtures thereof, and vege- 
table oils. The proper fluidity can be maintained, for example, by the use of a coating, such as lecithin, by the mainte- 
nance of the required particle size in the case of dispersion and by the use of surfactants. The prevention of the action 
of microorganisms can be brought about by various antibacterial and antifungal agents, for example, parabens, chlo- 
robutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic agents, 
for example, sugars or sodium chloride. Prolonged absorption of the injectable compositions can be brought about by 
the use in the compositions of agents delaying absorption, for example, aluminum monostearate and gelatin. 
[0206] Sterile injectable solutions are prepared by incorporating the active compounds in the required amount in the 
appropriate solvent with various of the other ingredients enumerated above, as required, followed by filtered steriliza- 
tion. Generally, dispersions are prepared by incorporating the various sterilized active ingredients into a sterile vehicle 
which contains the basic dispersion medium and the required other ingredients from those enumerated above. In the 
case of sterile powders for the preparation of sterile injectable solutions, the preferred methods of preparation are 
vacuum-drying and freeze-drying techniques which yield a powder of the active ingredient plus any additional desired 
ingredient from a previously sterile-filtered solution thereof. 

[0207] Upon formulation, solutions will be administered in a manner compatible with the dosage formulation and in 
such amount as is therapeutically effective. Formulations are easily administered in a variety of dosage forms, such 
as the type of injectable solutions described above, but drug release capsules and the like can also be employed. 
[0208] Suitable pharmaceutical compositions in accordance with the invention will generally include an amount of 
the coagulation-deficient TF admixed with an acceptable pharmaceutical diluent or excipient, such as a sterile aqueous 
solution, to give a range of final concentrations, depending on the intended use. The techniques of preparation are 
generally well known in the art as exemplified by Remington's Pharmaceutical Sciences, 16th Ed. Mack Publishing 
Company, 1980. It should be appreciated that endotoxin contamination should be kept minimally at a safe level, for 
example, less that 0.5 ng/mg protein. Moreover, for human administration, preparations should meet sterility, pyrogen- 
icity, general safety and purity standards as required by FDA Office of Biological Standards. 

[0209] The therapeutically effective doses are readily determinable using an animal model, as shown in the studies 
detailed herein. Experimental animals bearing solid tumors are frequently used to optimize appropriate therapeutic 
doses prior to translating to a clinical environment. Such models are known to be very reliable in predicting effective 
anti-cancer strategies. For example, mice bearing solid tumors, such as used in the Examples, are widely used in pre- 
clinical testing. The inventors have used such art-accepted mouse models to determine working ranges of tTF that 
give beneficial anti-tumor effects with minimal toxicity. 

[0210] In addition to the compounds formulated for parenteral administration, such as intravenous or intramuscular 
injection, other pharmaceutically acceptable forms are also contemplated, e.g., tablets or other solids for oral admin- 
istration, time release capsules, liposomal forms and the like. Other pharmaceutical formulations may also be used, 
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dependent on the condition to be treated. For example, topical formulations that are appropriate for treating pathological 
conditions such as dermatitis and psoriasis; and ophthalmic formulations for diabetic retinopathy. 
[0211] As described in detail herein, it is contemplated that certain benefits will result from the manipulation of the 
coagulation-deficient TF constructs to provide them with a longer in vivo half-life. Such techniques include, but are not 

5 limited to, manipulation or modification of the TF molecule itself, and also conjugation of TF constructs to inert carriers, 
such as various protein or non-protein components, including immunoglobulins and Fc portions. Such compositions 
are herein termed TF constructs with longer half-life. It will be understood that longer half-life is not coextensive with 
the pharmaceutical compositions for use in "slow release". Slow release formulations are generally designed to give 
a constant drug level over an extended period. Increasing the half-life of a drug, such as a TF construct in accordance 

10 with the present invention, is intended to result in high plasma levels upon administration, which levels are maintained 
for a longer time, but which levels generally decay depending on the pharmacokinetics of the construct. Although 
currently not preferred, slow release formulations of the TF construct and combinations thereof are by no means ex- 
cluded from use in the present invention. 

is C2. Therapeutic Kits 

[0212] The present invention also provides therapeutic kits comprising the tTF constructs described herein. Such 
kits will generally contain, in suitable container means, a pharmaceutically acceptable formulation of at least one co- 
agulation-deficient TF construct in accordance with the invention. The kits may also contain other pharmaceutically 
20 acceptable formulations, such as those containing components to target the tTF constructs; extra coagulation factors, 
particularly Factor Vila; bispecific antibodies, T cells, or other functional components for use in, e.g., antigen induction; 
components for use in antigen suppression, such as a cyclosporin, if necessary; distinct anti-tumor site antibodies or 
immunotoxins; and any one or more of a range of chemotherapeutic drugs. 

[0213] The kits may have a single container means that contains the tTF, with or without any additional components, 
25 or they may have distinct container means for each desired agent. Kits comprising the separate components necessary 
to make a bispecific coagulating ligand or immunotoxin are also contemplated. Certain preferred kits of the present 
invention include a coagulation-deficient TF construct that is impaired in the ability to activate Factor VII, packaged in 
a kit for use in combination with the co-administration of exogenous Factor Vila. In such kits, the TF mutant and the 
Factor Vila may be pre-complexed, either in a molar equivalent combination, or with one component in excess of the 
30 other; or each of the TF and Factor VI la components of the kit may be maintained separately within distinct containers 
prior to administration to a patient. Other preferred kits include any coagulation-deficient TF in combination with a 
"classic" chemotherapeutic agent. This is exemplary of the considerations that are applicable to the preparation of all 
such TF kits and kit combinations in general. 

[0214] When the components of the kit are provided in one or more liquid solutions, the liquid solution is an aqueous 
35 solution, with a sterile aqueous solution being particularly preferred. However, the components of the kit may be pro- 
vided as dried powder(s). When reagents or components are provided as a dry powder, the powder can be reconstituted 
by the addition of a suitable solvent. It is envisioned that the solvent may also be provided in another container means. 
[0215] The container means of the kit will generally include at least one vial, test tube, flask, bottle, syringe or other 
container means, into which the tTF, and any other desired agent, may be placed and, preferably, suitably aliquoted. 
40 Where additional components are included, the kit will also generally contain a second vial or other container into which 
these are placed, enabling the administration of separated designed doses. The kits may also comprise a second/third 
container means for containing a sterile, pharmaceutically acceptable buffer or other diluent. 

[0216] The kits may also contain a means by which to administer the tTF to an animal or patient, e.g., one or more 
needles or syringes, or even an eye dropper, pipette, or other such like apparatus, from which the formulation may be 
45 injected into the animal or applied to a diseased area of the body. The kits of the present invention will also typically 
include a means for containing the vials, or such like, and other component, in close confinement for commercial sale, 
such as, e.g., injection or blow-molded plastic containers into which the desired vials and other apparatus are placed 
and retained. 

so D. Treatment 

D1. Prothrombotic Vessels 

[0217] The compositions for use in this invention are broadly applicable to the treatment of any disease, such as a 
55 benign or malignant tumor, having as a component of the disease "prothrombotic vessels". Such vascu I atu re-associ- 
ated diseases most particularly include solid, malignant tumors, and also benign tumors, such as BPH. However, the 
treatment of diabetic retinopathy, vascular restenosis, arteriovenous malformations (AVM), meningioma, hemangioma, 
neovascular glaucoma and psoriasis; and also angiofibroma, arthritis, atherosclerotic plaques, corneal graft neovas- 
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cularization, hemophilic joints, hypertrophic scars, osler-weber syndrome, pyogenic granuloma retrolental fibroplasia, 
scleroderma, trachoma, vascular adhesions, synovitis, dermatitis and even endometriosis are certainly not excluded. 
[021 8] The present invention is based upon the use of TF constructs or TF in combination with other agents, wherein 
the TF construct or combination has sufficient thrombogenic activity to disturb the procoagulant environment within 
the specific disease-associated vessels, such as those of a vascularized tumor, in the direction of thrombosis. The 
environment in vessels in normal tissues is fibrinolytic, whereas that in tumor vessels is procoagulant, i.e., predisposed 
towards thrombosis. The procoagulant changes in tumor vessels result in part from local release of the endothelial 
cell-activating cytokines, IL-1 and TNFa. IL-1 is secreted by most tumor cells and by activated macrophages. TNFa 
is secreted by host cells which have infiltrated into the tumor, including activated lymphocytes, macrophages, NK cells 
and LAK cells. 

[0219] IL-1 and TNFa induce a variety of changes on vascular endothelium, including the upregulation of Tissue 
Factor, the down -regulation of plasminogen activators and the upregulation of the inhibitor of plasminogen activators, 
PAJ-1 (Nawroth and Stern, 1 986; Nawroth et a/., 1 988). These effects are further magnified by tumor derived factors 
(Murray era/., 1991; Ogawa era/., 1990), possibly VEGF The collective result of these and other changes is that the 
endothelium becomes better able to support the formation of thrombi and less able to dissolve fibrin, producing a 
predisposition toward thrombosis. 

[0220] Therefore, in light of the scientific phenomena described above, the inventors contemplate that when coag- 
ulation-deficient TFs are administered, they have enough residual thrombogenic activity to tip the coagulation cascade 
balance towards thrombosis in vessels that are generally prothrombotic in nature (FIG. 3). Although a mechanistic 
understanding of the scientific reasoning is not necessary in order to practice the present invention, it will be understood 
that the foregoing explanation is one mechanism by which the invention may operate. This mechanism is based less 
upon the specific localization of the TFs within the vessels of a vascularized tumor, as opposed to other vessels, but 
it is nonetheless surprising that an equal biodistribution of the TF, if this indeed occurs, can lead to an unequal effect 
' on coagulation within disease sites such as within solid tumors. Given that it is, naturally, an inherent property of the 
tumor to maintain a network of blood vessels and to continue in the angiogenic process, it is evident that the tumor- 
associated blood vessels cannot be so predisposed towards thrombosis that they spontaneously or readily support 
coagulation, as such coagulation would necessarily result in the arrest of oxygen and nutrients to the tumor cells and 
would cause the tumor to self-destruct. Evidently, this does not occur. 

[0221] It will be readily appreciated that the present invention has significant utility in the treatment of disease, such 
as vascularized tumors, irrespective of an understanding of the mechanisms by which specific coagulation may be 
induced in disease-associated vessels. However, the inventors further reason that another mechanism underlying the 
possible surprising action of the TF constructs is that the TFs selectively bind to certain vascular endothelial cells in 
preference to those in other tissues or sites of the body (FIG. 3). Accordingly, should tTF selectively bind to tumor 
vascular endothelium after injection, this would bring it into contact with a lipid surface and promote the assembly of 
coagulation initiation complexes in the tumor vessels. Perhaps, because of the prothrombotic nature of tumor vessels, 
there is an increase in the local concentration of Factors Vila, IXa, Xa, Tissue Factor pathway inhibitor (TFPI) or other 
molecules that interact with TF, thus encouraging the localization. 

[0222] The methods may be employed to test the localization of tTF by labeling tTF, injecting it into tumor-bearing 
mice, and determining whether it did indeed localize within tumor vessels. Although of scientific interest, conducting 
such studies are not necessary to practice the present invention, given that the administration of coagulation-deficient 
TF constructs advantageously results in specific anti-tumor effects irrespective of the precise mechanism of action that 
underlies this phenomenon. 

[0223] The present uses of coagulation-deficient TF molecules for promoting coagulation in prothrombotic blood 
vessels are distinct to the previous uses proposed for TF constructs, such as tTF in combination with Factor Vila. tTF 
and Factor Vila have been proposed for combined use in the treatment of bleeding disorders, such as hemophilia (U. 
S. Patent Nos. 5,374,617; 5,504,064; and 5,504,067). U.S. Patent Nos. 5,346,991 and 5,589,363 also describe the 
use of K165A and K166A TF mutants in inhibiting coagulation in the treatment of myocardial infarction, and provide 
recombinant DNA sequences and vectors for their production. 

[0224] It will be instantly appreciated that the targets of the previous methodology are in direct contrast to the pro- 
thrombotic blood vessels targeted by the present invention. The "prothrombotic" blood vessels are in a dynamic state 
that pre-disposes them to coagulation, but in which coagulation does not occur in the natural environment. This is 
exemplified by the blood vessels within a vascularized tumor being categorized as prothrombotic, but with the tumor 
maintaining a sufficient blood supply throughout necessary to support the maintenance and outgrowth of the tumor. In 
contrast, the target sites within an individual with a bleeding disorder, are by their very nature significantly deficient in 
their ability to support coagulation. The combined tTF and Factor Vila methodology intended primarily for use in he- 
mophiliacs has also been proposed for use in conjunction with the control of postoperative bleeding or severe trauma 
in which an external insult has prevented the necessary coagulation process from being effective. This again is unlike 
the intent of the present invention. 
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[0225] The most important use of the present invention is believed to be in connection with the treatment of vascu- 
larized, malignant tumors. However, in addition to the various diseases and disorders listed above, the invention is 
also contemplated for use in the therapy of other benign growths. A particular example of such is benign prostatic 
hyperplasia (BPH), which may be treated in accordance with the particular doses and treatment regimens set forth 
5 below. The treatment of BPH may also be combined with other treatments currently practiced in the art. For example, 
targeting of immunotoxins to markers localized within BPH, such as PSA, is certainly contemplated. 

D2. Cancer and Treatment 

w [0226] The tTF localization and specific coagulation is most preferably exploited for therapeutic uses of tTF in the 
treatment of cancers and tumors. These uses may employ tTF alone or in combination with chemotherapeutic agents 
and/or immunotoxins or coaguligands. The compositions and methods provided by this invention are broadly applicable 
to the treatment of any malignant tumor having a vascular component. Typical vascularized tumors are the solid tumors, 
particularly carcinomas, which require a vascular component for the provision of oxygen and nutrients. Exemplary solid 

15 tumors that may be treated using the invention include, but are not limited to, carcinomas of the lung, breast, ovary, 
stomach, pancreas, larynx, esophagus, testes, liver, parotid, biliary tract, colon, rectum, cervix, uterus, endometrium, 
kidney, bladder, prostate, thyroid, squamous cell carcinomas, adenocarcinomas, small cell carcinomas, melanomas, 
gliomas, neuroblastomas, and the like. 

[0227] The present invention is contemplated for use in the treatment of any patient that presents with a solid tumor. 

20 However, in that the present invention is particularly successful in the treatment of solid tumors of moderate or large 
sizes, patients in these categories are likely to receive more significant benefits from treatments in accordance with 
the methods and compositions provided herein. In general, the invention can be used to treat tumors of about 0.3-0.5 
cm and upwards, although it is a better use of the invention to treat tumors of greater than 0.5 cm in size. From the 
studies already conducted in acceptable animal models, it is believed that tumors of about 1 .0 or about 1 .2 cm represent 

25 the size of solid tumors that are most effectively attacked by the TF constructs of the present invention. Therefore, 
patients presenting with tumors of between about 1 .0 and about 2.0 cm in size will be in the preferred treatment group 
of patients in connection with the present TF therapies, although tumors up to and including the largest tumors found 
in humans may also be treated. 

[0228] Although the present methods are not generally intended as a preventative or prophylactic treatment, use of 
30 the invention is certainly not confined to the treatment of patients having tumors of moderate or large sizes. There are 
many reasons underlying this aspect of the breadth of the invention. For example, a patient presenting with a primary 
tumor of moderate size or above may also have various other metastatic tumors that are considered to be small-sized 
or even in the earlier stages of metastatic tumor seeding . Given that the TF constructs and combinations of the invention 
are generally administered into the systemic circulation of a patient, they will naturally have effects on the secondary, 
35 smaller and metastatic tumors, although this may not be the primary intent of the treatment. Furthermore, even in 
situations where the tumor mass as a whole is a single small tumor, certain beneficial anti-tumor effects will result from 
the use of the present treatments. 

[0229] The guidance provided above regarding the most suitable patients for use in connection with the present 
invention is intended as teaching that certain patient's profiles may assist with the selection of patients that may be 

40 treated by the present invention, or that may, perhaps, be better treated using other anti-cancer treatment strategies. 
Nonetheless, the fact that a preferred or otherwise more effective treatment is perceived to exist in connection with a 
certain category of patients, does not in any way negate the basic utility of the present invention in connection with the 
treatments of ail patients having a vascularized tumor. A further consideration is the fact that the initial assault on a 
tumor, as provided by the TF therapy of the present invention, may be small in any measurable and immediate effects, 

"45 but may predispose the tumor to further therapeutic treatments such that the subsequent treatment results in an overall 
synergistic effect or even leads to total remission or cure. 

[0230] It is not believed that any particular type of tumor should be excluded from treatments using the present 
invention. As the intent of the therapy is to coagulate the tumor vasculature, and as the vasculature is substantially or 
entirely the same in all solid tumors, it will be understood that the present methodology is widely or entirely applicable 
50 to the treatment of all solid tumors, irrespective of the particular phenotype or genotype of the tumor cells themselves. 
However, the type of tumor cells may be relevant to the use of the invention in combination with secondary therapeutic 
agents, particularly anti-tumor cell immunotoxins and/or coaguligands. 

[0231] Those of ordinary skill in the art will understand that certain types of tumors may be more amenable to the 
induction of thrombosis and necrosis using the present invention. The phenomena is observed in experimental animals, 
55 and may occur in human treatments. For example, it is known that the HT29 model tumor system is relatively difficult 
to coagulate; whereas the C1300 tumor model is generally more amenable to the induction of thrombosis and subse- 
quent necrosis. Such considerations will be taken into account in conducting both the pre-clinical studies in experimental 
animals and in optimizing the doses for use in treating any particular patient or group of patients. 
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[0232] As detailed above in the discussions concerning the in vivo quantitative studies, there are realistic objectives 
that may be used as a guideline in connection with pre-clinical testing before proceeding to clinical treatment. However, 
this is more a matter of cost-effectiveness than overall usefulness, and is a mechanism for selecting the most advan- 
tageous compounds and doses. In regard to their basic utility, any construct or combination thereof that results in any 

5 consistent detectable thrombosis and anti-tumor effects will still define a useful invention. Thrombotic and necrotic 
effects should be observed in between about 10% and about 40-50% of the tumor blood vessels and tumor tissues, 
upwards to between about 50% and about 99% of such effects being observed. It will also be understood that even in 
such circumstances where the anti-tumor effects of the TF construct and combinations are towards the low end of this 
range, it may be that this therapy is still equally or even more effective than all other known therapies in the context of 

10 the particular tumor targets. It is unfortunately evident to a clinician that certain tumors cannot be effectively treated in 
the intermediate or long term, but that does not negate the usefulness of the present therapy, particularly where it is 
about as effective as the other strategies generally proposed. 

[0233] In designing appropriate doses of the coagulation-deficient TF constructs and combinations, one may readily 
extrapolate from the animal studies described herein in order to arrive at appropriate doses for clinical administration. 

is To achieve this conversion, one would account for the mass of the agents administered per unit mass of the experimental 
animal, and yet account for the differences in the body surface area between the experimental animal and the human 
patient. All such calculations are well known and routine to those of ordinary skill in the art. For example, in taking the 
successful dose of 1 6 u.g per mouse (total body weight of about 20 g), and applying the calculation outlined above, the 
equivalent dose for use in a human patient would be about 2 mg. Accordingly, using this information, the inventors 

20 contemplate that useful doses of coagulation-deficient TF for use in human administration would be between about 
0.2 milligrams and about 200 milligrams of the TF construct per patient. Notwithstanding this stated range, it will be 
understood that, given the parameters and detailed guidance presented above, further variations in the active or optimal 
ranges would still be encompassed within the present invention. 

[0234] The doses contemplated will therefore generally be between about 0.2 mg and about 1 80 milligrams; between 
25 0.5 and about 1 60 milligrams; between 1 and about 1 50 milligrams; between about 5 and about 1 25 milligrams; between 
about 10 and about 100 milligrams; between about 15 and about 80 milligrams; between about 20 and about 65 mil- 
ligrams; between about 30 and about 50 milligrams; about 40 milligrams; or in any particular range using any of the 
foregoing recited exemplary doses or any value intermediate between the particular stated ranges. Although doses in 
and around about 1 milligram, 2 milligrams, 3 milligrams, 4 milligrams and about 5 milligrams are currently preferred, 
30 it will be understood that lower doses may be more appropriate in combination with other agents, and that high doses 
can still be tolerated, particularly given the fact that the TF agents for use in the invention are not themselves cytotoxic 
and even if certain adverse side effects do occur, this should not necessarily result in coagulation that cannot be 
counteracted by normal homeostatic mechanisms, which is believed to lessen the chances of significant toxicity to 
healthy tissues. 

35 [0235] The intention of the therapeutic regimens is generally to produce the maximum anti-tumor effects whilst still 
keeping the dose below the levels associated with unacceptable toxicity. In addition to varying the dose itself, the 
administration regimen can also be adapted to optimize the treatment strategy. A currently preferred treatment strategy 
is to administer between about 0.2 milligrams and about 200 milligrams of the TF construct or combination thereof 
about 3 times within about a 7 day period. For example, doses would be given on about day 1 , day 3 or 4 and day 6 

40 or 7. In administering the particular doses themselves,' one would preferably provide a pharmaceutically acceptable 
composition to the patient systemically. Intravenous injection is generally preferred, and the most preferred method is 
to employ a continuous infusion over a time period of about 1 or 2 hours or so. Although it is not required to determine 
such parameters prior to treatment using the present invention, it should be noted that the studies detailed herein result 
in at least some thrombosis being observed specifically in the blood vessels of a solid tumor within about 30 minutes 

45 of injection, and that the tumor cells themselves begin to die within about 3 to 4 hours. Widespread tumor necrosis is 
generally observed in the next about 24 hours, up to and including greater than 90% necrosis being observed. 

E. Combination Therapies 

50 [0236] The methods may be combined with any other methods generally employed in the treatment of the particular 
disease or disorder that the patient exhibits. For example, in connection with the treatment of solid tumors, the methods 
may be used in combination with classical approaches, such as surgery, radiotherapy and the like. So long as a par- 
ticular therapeutic approach is not known to be detrimental in itself, or counteracts the effectiveness of the TF therapy, 
its combination with the present invention is contemplated. When one or more agents are used in combination with 

55 the TF therapy, there is no requirement for the combined results to be additive of the effects observed when each 
treatment is conducted separately, although this is evidently desirable, and there is no particular requirement for the 
combined treatment to exhibit synergistic effects, although this is certainly possible and advantageous. 
[0237] In terms of surgery, any surgical intervention may be practiced in combination with the present invention. In 
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connection with radiotherapy, any mechanism for inducing DNA damage locally within tumor cells is contemplated, 
such as y-irradiation, X-rays, UV-irradiation, microwaves and even electronic emissions and the like. The directed 
delivery of radioisotopes to tumor cells is also contemplated, and this may be used in connection with a targeting 
antibody or other targeting means. Cytokine therapy also has proven to be an effective partner for combined therapeutic 
5 regimens. Various cytokines may be employed in such combined approaches. Examples of cytokines include IL-1a 
IL-10, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, TGF-p, GM-CSF, M-CSF, G-CSF, TN Fa, 
TNFp, LAF.TCGF, BCGF, TRF, BAF, BDG, MP,LIF, OSM ( TMF ( PDGF, IFN-a, IFN-p, IFN-y. Cytokines are administered 
according to standard regimens, consistent with clinical indications such as the condition of the patient and relative 
toxicity of the cytokine. 

10 

E1. Chemotherapeutic Combinations and Treatment 

[0238] In certain embodiments, the present invention shows that the anti-tumor activity of tTF is enhanced when 
administered in combination with a chemotherapeutic agent. The mechanisms by which the drugs enhance the anti- 
cs tumor activity of tTF have not been precisely defined, but the inventors believe that the drug kills proliferating tumor 
cells creating necrotic areas that cause phagocytic cells to infiltrate the tumor. IL-1 , TNFa and other cytokines released 
by the infiltrating cells then activate the tumor vascular endothelium making it better able to support coagulation by 
tTF, a generally weak thrombogen. The drug thus enhances the thrombotic action of tTF. 

[0239] Another possibility for the enhanced actions of TF and anti-cancer drugs is that tTF induces the formation of 
20 thrombi in tumor vessels, thereby trapping drug within the tumor. While drug is cleared from the rest of the body, it 
remains within the tumor. The tumor cells are thus exposed to a higher concentration of drug for a longer period of 
time. This entrapment of drug within the tumor may also make it possible to reduce the dose of drug, making the 
treatment safer as well as more effective. 

[0240] Irrespective of the mechanisms by which the enhanced tumor destruction is achieved, the combined treatment 

25 aspects have evident utility in the effective treatment of disease. To use the present invention in combination with the 
administration of a chemotherapeutic agent, one would simply administer to an animal a coagulation-deficient TF con- 
struct in combination with the chemotherapeutic agent in a manner effective to result in their combined anti-tumor 
actions within the animal. These agents would therefore be provided in an amount effective and for a period of time 
effective to result in their combined presence within the tumor vasculature and their combined actions in the tumor 

30 environment. To achieve this goal, the TF and chemotherapeutic agents may be administered to the animal simulta- 
neously, either in a single composition or as two distinct compositions using different administration routes. 
[0241 ] Alternatively, the TF treatment may precede or follow the chemotherapeutic agent treatment by intervals rang- 
ing from minutes to weeks. In embodiments where the chemotherapeutic factor and TF are applied separately to the 
animal, one would generally ensure that a significant period of time did not expire between the time of each delivery, 

35 such that the chemotherapeutic agent and TF composition would still be able to exert an advantageously combined 
effect on the tumor. In such instances, it is contemplated that one would contact the tumor with both agents within 
about 5 minutes to about one week of each other and, more preferably, within about 12-72 hours of each other, with 
a delay time of only about 1 2-48 hours being most preferred. In some situations, it may be desirable to extend the time 
period for treatment significantly, where several days (2, 3, 4, 5, 6 or 7) or even several weeks (1 , 2, 3, 4, 5, 6, 7 or 8) 

40 lapse between the respective administrations. It also is conceivable that more than one administrations of either the 
TF or the chemotherapeutic agent will be desired. To achieve tumor regression, both agents are delivered in a combined 
amount effective to inhibit its growth, irrespective of the times for administration. 

[0242] A variety of chemotherapeutic agents are intended to be of use in the combined treatment methods disclosed 
herein. Chemotherapeutic agents contemplated as exemplary include, e.g., etoposide (VP-16), adriamycin, 5-fluorou- 
45 racil (5FU), camptothecin, actinomycin-D, mitomycin C, cisplatin (CDDP) and even hydrogen peroxide. In certain em- 
bodiments, the use of etoposide has already been shown to be effective in regression of tumor in size when administered 
in combination with the tTF compositions of the present invention. 

[0243] As will be understood by those of ordinary skill in the art, the appropriate doses of chemotherapeutic agents 
will be generally around those already employed in clinical therapies wherein the chemotherapeutics are administered 

50 alone or in combination with other chemotherapeutics. By way of example only, agents such as cisplatin, and other 
DNA alkylating may be used. Cisplatin has been widely used to treat cancer, with efficacious doses used in clinical 
applications of 20 mg/m 2 for 5 days every three weeks for a total of three courses. Cisplatin is not absorbed orally and 
must therefore be delivered via injection intravenously, subcutaneously, intratumorally or intraperitoneal^. 
[0244] Further useful agents include compounds that interfere with DNA replication, mitosis and chromosomal seg- 

55 regation. Such chemotherapeutic compounds include adriamycin, also known as doxorubicin, etoposide, verapamil, 
podophyllotoxin, and the like. Widely used in a clinical setting for the treatment of neoplasms, these compounds are 
administered through bolus injections intravenously at doses ranging from 25-75 mg/m 2 at 21 day intervals for adri- 
amycin, to 35-50 mg/m 2 for etoposide intravenously or double the intravenous dose orally. 



31 



EP 0 988 056 B1 



[0245] Agents that disrupt the synthesis and fidelity of polynucleotide precursors may also be used. Particularly 
useful are agents that have undergone extensive testing and are readily available. As such, agents such as 5-fluorou- 
racil (5-FU) are preferentially used by neoplastic tissue, making this agent particularly useful for targeting to neoplastic 
cells. Although quite toxic, 5-FU, is applicable in a wide range of carriers, including topical, however intravenous ad- 
ministration with doses ranging from 3 to 15 mg/kg/day being commonly used. 

[0246] Exemplary chemotherapeutic agents that are useful in connection with combined therapy are listed in Table 
II. Each of the agents listed therein are exemplary and by no means limiting. The skilled artisan is directed to "Rem- 
ington's Pharmaceutical Sciences" 15th Edition, chapter 33, in particular pages 624-652. Some variation in dosage 
will necessarily occur depending on the condition of the subject being treated. The person responsible for administration 
will, in any event, determine the appropriate dose for the individual subject. Moreover, for human administration, prep- 
arations should meet sterility, pyrogenicity, general safety and purity standards as required by FDA Office of Biologies 
standards. 
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TABLE II 





C HEM ©THERAPEUTIC AGENTS USEFUL IN NEOPLASTIC DISEASE 


5 


CLASS 


TYPE OF AGENT 


NONPROPRIETARY 
NAMES (OTHER 
NAMES) 


DISEASE 




Alkylating Agents 


Nitrogen Mustards i 


Mechlorethamine (HN 2 ) 


Hodgkin's disease, non- 

Mnrlnl/in'c IwmnhnmQC 

nocigKin s lyrTipnoiTiab 


10 
15 






Cyclophosphamide 
Ifosfamide 


Acute and chronic 
lympnocyiic leuisemias, 
Hodgkin's disease, non- 
Hodgkin's lymphomas, 
multiple myeloma, 
neuroblastoma, breast, 
ovary, lung, Wilms' tumor, 
cervix, testis, soft-tissue 
sarcomas 


20 






Melphalan (L-sarcolysin) 


Multiple myeloma, breast, 
ovary 


25 






Chlorambucil 


Chronic lymphocytic 
leukemia, primary 
macroglobulinemia, 
Hodgkin's disease, non- 
Hodgkin's lymphomas 






Ethylenimenes and 


Hexamethylmelamine 


Ovary 






Methylmelamines 


Thlotepa 


Bladder, breast, ovary 


30 




Alkyl Sulfonates 


Busulfan 


Chronic granulocytic 
leukemia 


35 




Nitrosoureas 
Triazines 


Carmustine (BCNU) 


Hodgkin's disease, non- 
Hodgkin's lymphomas, 
primary brain tumors, 
multiple myeloma, 
malignant melanoma 


40 






Lomustine (CCNU) 


Hodgkin's disease, non- 
Hodgkin's lymphomas, 
primary brain tumors, 
small-cell lung 








Semustine 
(methyl-CCNU) 


Primary brain tumors, 
stomach, colon 


45 
50 






Streptozocin 
(streptozotocin) 
Dacarbazine (DTIC; 
dimethyltriazenoimida 
zolecarboxamide) 


Malignant pancreatic 
insulinoma, malignant 
carcinoid Malignant 
melanoma, Hodgkin's 
disease, soft-tissue 
sarcomas 
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TABLE II 


(continued) 






CHEMOTHERAPEUTIC AGENTS USEFUL IN NEOPLASTIC DISEASE 


5 


Ol ACQ 


TVPF OP AftFNT 

1 TrC \Ji MVJLIi 1 


NONPROPRIETARY 

NAMES (OTHER 
NAMES) 


i/IOCMOC 


10 


Antimetabolites 


Folic Acid Analogs 


Methotrexate 
(amethopterin) 


Acute lymphocytic 
leukemia, 

cnonocarcinorna, mycosio 
fungoides, breast, head 
and neck, lung, osteogenic 
sarcoma 


15 




Pyrimidine Analogs 


Fluouracil (5-fluorouracil; 
5-FU) Floxuridine 
(fluorodeoxyuridine; 
FUdR) 


Breast, colon, stomach, 
pancreas, ovary, head and 
neck, urinary bladder, 
premalignant skin lesions 
(topical) 


20 






Cytarabine (cytosine 
arabinoside) 


Acute granulocytic and 
acute lymphocytic 
leukemias 


25 






Mercaptopurine 
(6-mercaptopurine; 6-MP) 


Acute lymphocytic, acute 
granulocytic and chronic 
granulocytic leukemias 






Purine Analogs and 
Related Inhibitors 


Thioguanine 
(6-thioguanine; TG) 


Acute granulocytic, acute 
lymphocytic and chronic 
granulocytic leukemias 


30 






Pentostatin 
(2-deoxycof ormyci n) 


Hairy cell leukemia, 
mycosis fungoides, 
chronic lymphocytic 
leukemia 



35 



40 



45 



50 
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TABLE II (continued) 





CHEMOTHERAPEUTIC AGENTS USEFUL IN NEOPLASTIC DISEASE 


5 


CLASS 


TYPE OF AGENT 


NONPROPRIETARY 
NAMES (OTHER 
NAMES) 


DISEASE 


10 


Natural Products 




Vinca Alkaloids 


Vinblastine (VLB) 


Hodgkin's disease, non- 
Hodgkin's lymphomas, 
breast, testis 


15 








Vincristine 


Acute lymphocytic 
leukemia, neuroblastoma, 
Wilms 1 tumor, 
rhabdomyosarcoma, 
Hodgkin's disease, non- 
Hodgkin's lymphomas, 
small-cell lung 


20 
25 






Epipodophyllotoxins 


Etoposide Tenyposide 


Testis, small-cell lung and 
other lung, breast, 
Hodgkin's disease, non- 
Hodgkin's lymphomas, 
acute granulocytic 
leukemia, Kaposi's 
sarcoma 








Dactinomycin 
(actinomycin D) 


Choriocarcinoma, Wilms' 
tumor, 

rhabdomyosarcoma, 
testis, Kaposi's sarcoma 


30 








Daunorubicin 
(daunomycin; 
rubidomycin) 


Acute granulocytic and 
acute lymphocytic 
leukemias 


35 
40 
45 


Natural Products, 
continued 


Antibiotics 


Doxorubicin Bleomycin 


Soft-tissue, osteogenic 
and other sarcomas; 
Hodgkin's disease, non- 
Hodgkin's lymphomas, 
acute leukemias, breast, 
genitourinary, thyroid, 
lung, stomach, 
neuroblastoma Testis, 
head and neck, skin, 
esophagus, lung and 
genitourinary tract; 
Hodgkin's disease, non- 
Hodgkin's lymphomas 



50 



35 



EP 0 988 056 B1 



TABLE II (continued) 





CHEMOTHERAPEUTIC AGENTS USEFUL IN NEOPLASTIC DISEASE 


5 


CLASS 


TYPE OF AGENT 


NONPROPRIETARY 
NAMES (OTHER 
NAMES) 


DISEASE 




- 




Plicamycin (mithramycin) 


Testis, malignant 
hypercalcemia 


10 






Mitomycin (mitomycin C) 


Stomach, cervix, colon, 
breast, pancreas, bladder, 
head and neck 


15 




Enzymes 


L-Asparaginase 


Acute lymphocytic 
leukemia 


20 




Biological Response 
Modifiers 


Interferon alfa 


Hairy cell leukemia., 
Kaposi's sarcoma, 
melanoma, carcinoid, 
renal cell, ovary, bladder, 
non-Hodgkin's 
lymphomas, mycosis 
fungoides, multiple 
myeloma, chronic 
granulocytic leukemia 


25 
30 


Miscellaneous Agents 


Platinum Coordination 
Complexes 


Cisplatin (c/s-DDP) 
Carboplatin 


Testis, ovary, bladder, 
head and neck, lung, 
thyroid, cervix, 
endometrium, 
neuroblastoma, 
osteogenic sarcoma 






Anthracenedione 


Mitoxantrone 


Acute granulocytic 
leukemia, breast 


35 




Substituted Urea 


Hydroxyurea 


Chronic granulocytic 
leukemia, polycythemia 
vera, essental 
thrombocytosis, malignant 
melanoma 


40 




Methyl Hydrazine 
Derivative 


Procarbazine (N- 
methylhydrazine, MIH) 


Hodgkin's disease 






Adrenocortical 


Mitotane (o,p'-DDD) 


Adrenal cortex 






Suppressant 


Aminoglutethimide 


Breast 



45 



50 
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CHEMOTHERAPEUTIC AGENTS USEFUL IN NEOPLASTIC DISEASE 



CLASS 


TYPE OF AGENT 


NONPROPRIETARY 
NAMES (OTHER 
NAMES) 


DISEASE 


Hormones and 
Antagonists 


Adrenocorticosteroids 


Prednisone (several other 
equivalent preparations 
available) 


Acute and chronic 
lymphocytic leukemias, 
non-Hodgkin's 
lymphomas, Hodgkin's 
disease, breast 




Progestins 


Hydroxyprogesterone 
caproate 

Medroxyprogesterone 
acetate Megestrol acetate 


Endometrium, breast 




Estrogens 


Diethylstilbestrol Ethinyl 
estradiol (other 
preparations available) 


Breast, prostate 




Antiestrogen 


Tamoxifen 


Breast 




Androgens 


Testosterone propionate 
Fluoxymesterone (other 
preparations available) 


Breast 




Antiandrogen 
Gonadotropin-releasing 
hormone analog 


Flutamide 
Leuprolide 


Prostate 
Prostate 



30 E2. Immunotoxin and Coaguligand Combinations and Therapy 

[0247] Any one or more of the coagulation-deficient TF constructs of the invention may be used in combination with 
immunotoxins (ITs) and/or coaguligands in which the targeting portion thereof (e.g., antibody or ligand) is directed to 
a relatively specific marker of the tumor cells, tumor vasculature or tumor stroma. In common with thechemotherapeutic 

35 agents discussed above, it is possible that the use of a coagulation-deficient TF construct in combination with a targeted 
toxic agent (IT) or coagulant (coaguligand) will result in the distinct agents being directed against different targets within 
the tumor environment. This should result in additive, markedly greater than additive or even synergistic results. 
[0248] In connection with the preparation and use of exemplary immunotoxins and coaguligands, the following patent 
application disclosures further supplement the present teachings: U.S. Serial Nos. 07/846,349; 08/295,868; 

40 08/205,330; 08/350,212; 08/273,567; and 08/482,369. 

[0249] At least one binding region of the second agents employed in combination with the tTF constructs of the 
present invention will be a component that is capable of delivering a toxin or coagulating agent to the tumor region, /. 
e. f capable of localizing within a tumor site. As somewhat wider distribution of a coagulating agent will not be associated 
with severe side effects, there is a less stringent requirement imposed on the targeting element of coaguligands than 

45 with immunotoxins. Either targeting agent may be directed to components of tumor cells; components of tumor vas- 
culature; components that bind to, or are generally associated with, tumor cells; components that bind to, or are gen- 
erally associated with, tumor vasculature; components of the tumor extracellular matrix or stroma or those bound 
therein; and even cell types found within the tumor vasculature. 

[0250] With coaguligands, the burden of very stringent targeting, e.g., as imposed when using immunotoxins, is 
so lessened. Therefore, to achieve specific targeting means that coagulation is promoted in the tumor vasculature relative 
to the vasculature in non-tumor sites. Thus, specific targeting of a coaguligand is a functional term rather than a purely 
physical term relating to the biodistribution properties of the targeting agent, and it is not unlikely that useful targets 
may be not be entirely tumor-restricted, and that targeting ligands which are effective to promote tumor-specific coag- 
ulation may nevertheless be found at other sites of the body following administration. 

55 

/. Tumor Cell Targets 

[0251] The malignant cells that make up the tumor may be targeted using a ligand or bispecific ligand that has a 
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region capable of binding to a relatively specific marker of the tumor cell. Toxins kill the tumor cells and, in that binding 
to tumor cells will localize an associated coagulating agent to the tumor, specific coagulation will be achieved. 
[0252] Many so-called "tumor antigens" have been described, any one which could be employed as a target in con- 
nection with the combined aspects of the present invention. A large number of exemplary solid tumor-associated an- 

5 tigens are listed herein below. The preparation and use of antibodies against such antigens is well within the skill of 
the art, and exemplary antibodies include from gynecological tumor sites: OC 125; OC 133; OMI; Mo v1; Mo v2; 3C2; 
4C7; ID 3 ; DU-PAN-2; F 36/22; 4F 7 /7A 10; OV-TL3; B72.3; DF 3; 20y2F T MF 116; Mov18; CEA 11-H5; CA 19-9 (1116NS 
19-9); H17-E2; 791T/36; NDOG 2; H317; 4D5 3 3H4, 7C2, 6E9,'2C4, 7F3, 2H11 , 3E8, 5B8, 7D3, SB8; HMFG2; 3.14.A3; 
from breast tumor sites: DF3; NCRC-11 ; 3C6F9; MBE6; CLNH5; MAC 40/43; EMA; HMFG1 HFMG2; 3.15.C3; M3, 

10 M8, M24; M18; 67-D-11 ; D547Sp, D75P3, H222; Anti-EGF; LR-3; TA1; H59; 10-3D-2; HmAB1 ,2; MBR 1,2,3; 24-17.1; 
24-17-2 (3E1-2); F36/22.M7/105; C11, G3, H7; B6-2; BM; Cam 17-1; SM3; SM4; C-Mul (566); 4D5 3H4, 7C2, 6E9, 
2C4, 7F3, 2H11, 3E8, 5B8, 7D3, 5B8; OC 125; MO v2; DU-PAN-2; 4Ft/7A 10 ; DF 3 ; B72-3; cccccCEA 11; H17-E2; 
3-14A3; F023C5; from colorectal tumor sites: B72-3; (17-1A) 1083-17-1A; C017-1A; ZCE-025; AB2; HT-29-15; 
250-30.6; 44X14; A7; GA73-3; 791T/36; 28A32; 28.19.8; X MMCO-791; DU-PAN-2; ID 3 ; CEA 11-H5; 2C 8 /2F 7 ; CA- 

15 19-9 (1116NS 19-9); PR5C5: PR4D2; PR4D1; from melanoma sites 4-1; 8-2 M 17 ; 96-5; 118-1 , 133-2, (113-2); L 1s L 10 , 
R io( R ig): ! 12; K 5; 6 " 1 ! R24 i 5-1; 225.28S; 465.12S; 9-2-27; F11; 376. 96S; 465. 12S; 15-75; 15-95; Mel-14; Mel-12; 
Me3-TB7; 225.28SD; 763.24TS; 705F6; 436910; M148; from gastrointestinal tumors: ID3; DU-PAN-2; OV-TL3; B72-3; 
CEA 1 1 -H5; 3-1 4- A3; C COLI; CA-1 9-9 (1 116NS 1 9-9) and CA50; OC1 25; from lung tumors: 4D5 3H4 3 7C2, 6E9, 2C4, 
7F3, 2H1 1 , 3E8, 5B8, 7D3, SB8; MO v2; B72-3; DU-PAN-2; CEA 1 1 -H5; MUC 8-22; MUC 2-63; MUC 2-39; MUC 7-39; 

20 and from miscellaneous tumors: PAb 240; PAb 246; PAb 1 801 ; ERIC-1 ; M1 48; FMH25; 6-1 ; CA1 ; 3F8; 4F 7 /7A 10 .2C8/ 
2F 7; CEA11-H5. 

[0253] Another means of defining a targetable tumor is in terms of the characteristics of a tumor cell itself, rather 

than describing the biochemical properties of an antigen expressed by the cell. Accordingly, the skilled artisan is referred 

to the ATCC catalogue for the purpose of exemplifying human tumor cell lines that are publicly available (from ATCC 
25 Catalogue). Exemplary cell lines include J82; RT4; ScaBER; T24; TCCSUP; 5637; SK-N-MC; SK-N-SH; SW 1088; 

SW 1783; U-87 MG; U-118 MG; U-138 MG; U-373 MG; Y79; BT-20; BT-474; MCF7; MDA-MB-134-VI; MDA-MD-157; 

MDA-MB-175-VII; MDA-MB-361; SK-BR-3; C-33 A; HT-3; ME-180; MS751; SiHa; JEG-3; Caco-2; HT-29; SK-CO-1; 

HuTu 80; A-253; FaDu; A-498; A-704; Caki-1 ; Caki-2; SK-NEP-1 ; SW 839; SK-HEP-1 ; A-427; Calu-1 ; Calu-3; Calu- 

6; SK-LU-1; SK-MES-1; SW 900; EB1 ; EB2; P3HR-1; HT-144; Malme-3M; RPMI-7951; SK-MEL-1; SK-MEL-2; 
30 SK-MEL-3; SK-MEL-5; SK-MEL-24; SK-MEL-28; SK-MEL-31 ; Caov-3; Caov^; SK-OV-3; SW 626; Capan-1 ; Capan- 

2; DU 145; A-204; Saos-2; SK-ES-1; SK-LMS-1; SW 684; SW 872; SW 982; SW 1353; U-2 OS; Malme-3; KATO III; 

Cate-1B; Tera-1; Tera-2; SW579; AN 3 CA; HEC-1-A; HEC-1-B; SK-UT-1; SK-UT-1 B: SW 954; SW 962; NCI-H69; 

NCI-H128; BT-483; BT-549; DU4475; HBL-100; Hs 578Bst; Hs 578T; MDA-MB-330; MDA-MB-415; MDA-MB-435S; 

MDA-MB-436; MDA-MB-453; MDA-MB-468; T-47D; Hs 766T; Hs 746T; Hs 695T; Hs 683; Hs 294T; Hs 602; JAR; Hs 
35 445; Hs 700T; H4; Hs 696; Hs 913T; Hs 729; FHs 738Lu; FHs 173We; FHs 738B1; NIH:0VCAR-3; Hs 67; RD-ES; 

ChaGo K-1; WERI-Rb-1; NCI-H446; NCI-H209; NCI-H146; NCI-H441; NCI-H82; H9; NCI-H460; NCI-H596; 

NCI-H676B; NCI-H345; NCI-H820; NCI-H520; NCI-H661; NCI-H510A; D283 Med; Daoy; D341 Med; AML-193 and 

MV4-11. 

[0254] One may consult the ATCC Catalogue of any subsequent year to identify other appropriate cell lines. Also, if 
40 a particular cell type is desired, the means for obtaining such cells, and/or their instantly available source, will be known 
to those of skill in the particular art. An analysis of the scientific literature will thus readily reveal an appropriate choice 
of cell for any tumor cell type desired to be targeted. 

(a) Anti-Tumor Cell Antibodies 

45 

[0255] A straightforward means of recognizing a tumor antigen target is through the use of an antibody that has 
binding affinity for the particular antigen. An extensive number of antibodies are known that are directed against solid 
tumor antigens. Certain useful anti-tumor antibodies are listed above. However, as will be instantly known to those of 
skill in the art, certain of the antibodies listed will not have the appropriate biochemical properties, or may not be of 
50 sufficient tumor specificity, to be of use therapeutically. An example is MUC8-22 that recognizes a cytoplasmic antigen. 
Antibodies such as these will generally be of use only in investigational embodiments, such as in model systems or 
screening assays. 

[0256] Generally speaking, antibodies for use in these aspects of the present invention will preferably recognize 
antigens that are accessible on the cell-surface and that are preferentially, or specifically, expressed by tumor cells. 
55 Such antibodies will also preferably exhibit properties of high affinity, such as exhibiting a of <200 nM, and preferably, 
of <100 nM, and will not show significant reactivity with life-sustaining normal tissues, such as one or more tissues 
selected from heart, kidney, brain, liver, bone marrow, colon, breast, prostate, thyroid, gall bladder, lung, adrenals, 
muscle, nerve fibers, pancreas, skin, or other life-sustaining organ or tissue in the human body. The "life-sustaining" 
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tissues that are the most important for the purposes of the present invention, from the standpoint of low reactivity, 
include heart, kidney, central and peripheral nervous system tissues and liver. The term "significant reactivity", as used 
herein, refers to an antibody or antibody fragment, that, when applied to the particular tissue under conditions suitable 
for immunohistochemistry, will elicit either no staining or negligible staining with only a few positive cells scattered 

5 among a field of mostly negative cells. 

[0257] Particularly promising antibodies contemplated for use in the present invention are those having high selec- 
tivity for the solid tumor. For example, antibodies binding to TAG 72 and the HER-2 proto-oncogene protein, which are 
selectively found on the surfaces of many breast, lung and colorectal cancers (Thor et al., 1986; Colcher etal., 1987; 
Shepard et a/., 1991); MOv18 and OV-TL3 and antibodies that bind to the milk mucin core protein and human milk fat 

w globule (Miotti etal., 1985; Burchell etal., 1983); and the antibody 9.2.27 that binds to the high M r melanoma antigens 
(Reisfeld et at., 1982). Further useful antibodies are those against the folate-binding protein, which is known to be 
homogeneously expressed in almost all ovarian carcinomas; those against the erb family of oncogenes that are over- 
expressed in squamous cell carcinomas and the majority of gliomas; and other antibodies known to be the subject of 
ongoing pre-clinical and clinical evaluation. 

15 [0258] The antibodies B3, KSI/4, CC49, 260F9, XMMCO-791 , D612 and SM3 are believed to be particularly suitable 
for use in clinical embodiments, following the standard pre-clinical testing routinely practiced in the art. B3 (US Patent 
5,242,813; Brinkmann etal., 1 991 ) has ATCC Accession No. HB 10573; KS1/4 can be made as described in US Patent 
4,975,369; and D612 (US Patent 5,183,756) has ATCC Accession No. HB 9796. 

[0259] Another means of defining a tumor-associated target is in terms of the characteristics of the tumor cell, rather 

20 than describing the biochemical properties of an antigen expressed by the cell. Accordingly, the inventors contemplate 
that any antibody that preferentially binds to a tumor cell may be used as the targeting component of an immunotoxin 
or coaguligand. The preferential tumor cell binding is again based upon the antibody exhibiting high affinity for the 
tumor cell and not having significant reactivity with life-sustaining normal cells or tissues, as defined above. 
[0260] The disclosure also provides several means for generating an antibody for use in the targeted coagulation 

25 methods described herein. To generate a tumor cell-specific antibody, one would immunize an animal with a compo- 
sition comprising a tumor cell antigen and, as described more fully in below, select a resultant antibody with appropriate 
specificity. The immunizing composition may contain a purified, or partially purified, preparation of any of the antigens 
in listed above; a composition, such as a membrane preparation, enriched for any of the antigens in listed above; any 
of the cells listed in listed above; or a mixture or population of cells that include any of the cell types listed above. 

30 [0261] Of course, regardless of the source of the antibody, in the practice of the invention in human treatment, one 
will prefer to ensure in advance that the clinically-targeted tumor expresses the antigen ultimately selected. This is 
achieved by means of a fairly straightforward assay, involving antigenically testing a tumor tissue sample, for example, 
a surgical biopsy, or perhaps testing for circulating shed antigen. This can readily be carried out in an immunological 
screening assay such as an ELISA (enzyme-linked immunosorbent assay), wherein the binding affinity of antibodies 

35 from a "bank" of hybridomas are tested for reactivity against the tumor. Antibodies demonstrating appropriate tumor 
selectivity and affinity are then selected for the preparation of bispecific antibodies of the present invention. 
[0262] Due to the well-known phenomenon of cross-reactivity, it is contemplated that useful antibodies may result 
from immunization protocols in which the antigens originally employed were derived from an animal, such as a mouse 
or a primate, in addition to those in which the original antigens were obtained from a human cell. Where antigens of 

40 human origin are used, they may be obtained from a human tumor cell line, or may be prepared by obtaining a biological 
sample from a particular patient in question. Indeed, methods for the development of antibodies that are "custom- 
tailored" to the patient's tumor are known (Stevenson etal., 1990) and are contemplated for use in connection with 
this invention. 

45 (b) Further Tumor Cell Targets and Binding Ligands 

[0263] In addition to the use of antibodies, other ligands could be employed to direct a coagulating agent to a tumor 
site by binding to a tumor cell antigen. For tumor antigens that are over-expressed receptors (estrogen receptor, EGF 
receptor), or mutant receptors, the corresponding ligands could be used as targeting agents. 
50 [0264] In an analogous manner to endothelial cell receptor ligands, there may be components that are specifically, 
or preferentially, bound to tumor cells. For example, if a tumor antigen is an over-expressed receptor, the tumor cell 
may be coated with a specific ligand in vivo. It seems that the ligand could then be targeted either with an antibody 
against the ligand, or with a form of the receptor itself. Specific examples of these type of targeting agents are antibodies 
against TIE-1 orTIE-2 ligands, antibodies against platelet factor 4, and leukocyte adhesion binding protein. 

55 

//. Other Disease Targets 

[0265] In further embodiments, TFs in combination with ITs or coaguligands that bind to a target molecule that is 
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specifically or preferentially expressed in a disease site other than a tumor site may be employed. 
[0266] Exemplary target molecules associated with other diseased cells include, for example, leukocyte adhesion 
molecules, that are associated with psoriasis; FGF, that is associated with proliferative diabetic retinopathy; platelet 
factor 4, that is associated with the activated endothelium of various diseases; and VEGR that is associated with 

5 vascular proliferative disease. It is believed that an animal or patient having any one of the above diseases would 
benefit from the specific induction of coagulation in the disease site and optionally from targeted toxin delivery. 
[0267] Diseases that are known to have a common angio-dependent pathology, as described in Klagsburn and Folk- 
man (1990), may also be treated as described herein. In particular, a vascular endothelial cell-targeted ligand or a 
stroma-targeted ligand will be used to achieve coagulation in the disease site. The treatment of BPH, diabetic retinop- 

10 athy, vascular restenosis, vascular adhesions, AVM, meningioma, hemangioma, neovascular glaucoma, rheumatoid 
arthritis and psoriasis are particularly contemplated at the present time. 

//7. Disease-Associated Vasculature Ceil Targets 

15 [0268] The cells of the vasculature are intended as targets for use in the present invention. In these cases, at least 
one binding region of the immunotoxin or coaguligand will be capable of binding to an accessible marker preferentially 
expressed by disease-associated vasculature endothelial cells. The exploitation of the vascular markers is made pos- 
sible due to the proximity of the vascular endothelial cells to the disease area and to the products of the local aberrant 
physiological processes. For example, tumor vascular endothelial cells are exposed to tumor cells and tumor-derived 

20 products that change the phenotypic profile of the endothelial cells. 

[0269] Tumor cells are known to elaborate tumor-derived products, such as lymphokines, monokines, colony-stim- 
ulating factors, growth factors and angiogenic factors, that act on the nearby vascular endothelial cells (Kandel ef a/., 
1991; Folkman, 1985a, 1985b) and cytokines (Burrows etal., 1991; Ruco etal., 1990; Borden era/., 1990). The tumor 
products bind to the endothelial cells and serve to selectively induce expression of certain molecules. It is these induced 

25 molecules that may be targeted using the tumor endothelium-specif ic toxin and/or coagulant delivery provided by cer- 
tain aspects of the present invention. Vascular endothelial cells in tumors proliferate at a rate 30-fold greater than those 
in miscellaneous normal tissues (Denekamp era/., 1982), suggesting that proliferation-linked determinants could also 
serve as markers for tumor vascular endothelial cells. 

[0270] In certain embodiments of the invention, the targeting component of the immunotoxins or coaguligands will 
30 be a component that has a relatively high degree of specificity for tumor vasculature. These targeting components may 
be defined as components that bind to molecules expressed on tumor endothelium, but that have little or no expression 
at the surface of normal endothelial cells. Such specificity may be assessed by the standard procedures of immunos- 
taining of tissue sections, which are routine to those of skill in the art. In terms of coaguligands, it is generally proposed 
that the molecules to be targeted using the bispecific ligands or antibodies of this invention will be those that are 
35 expressed on tumor vasculature at a higher level than on normal endothelial cells. 

(a) Vascular Endothelial Cell Markers in Disease 

[0271] Molecules that are known to be preferentially expressed at the surface of vascular endothelial cells in a disease 

40 site or environment are herein termed "natural disease-associated vascular endothelial cell markers". This term is used 
for simplicity to refer to the endothelial cell components that are expressed in diseases connected with increased or 
inappropriate angiogenesis or endothelial cell proliferation. One particular example are the tumor endothelial cell com- 
ponents that are expressed in situ in response to tumor-derived factors. These components are also termed "naturally- 
induced tumor endothelial cell markers". 

45 [0272] Both VEGFA/PF (vascular endothelial growth factor/vascular permeability factor) and components of the FGF 
(fibroblast growth factor) family are concentrated in or on tumor vasculature. The corresponding receptors therefore 
provide a potential target for attack on tumor vasculature. For example, VEGF receptors are known to be upregulated 
on tumor endothelial cells, as opposed to endothelial cells in normal tissues, both in rodents and man (Thieme et a/., 
1 995). Possibly this is a consequence of hypoxia - a characteristic of the tumor microenvironment (Leith ef a/., 1 992). 

so FGF receptors are also upregulated three-fold on endothelial cells exposed to hypoxia, and so are believed to be 
' upregulated in tumors (Bicknell and Harris ef at., 1992). 
[0273] The TGF p (transforming growth factor p) receptor (endoglin) on endothelial cells is upregulated on dividing 
cells, providing another target. One of the present inventors found that endoglin is upregulated on activated and dividing 
HUVEC in culture, and is strongly expressed in human tissues on endothelial cells at sites of neovascularization, 

55 including a broad range of solid tumors and fetal placenta. In contrast, endothelial cells in the majority of miscellaneous 
non-malignant adult tissues, including preneoplastic lesions, contain little or no endoglin. Importantly, endoglin expres- 
sion is believed to correlate with neoplastic progression in the breast, as shown by benign fibroadenomas and early 
carcinomas binding low levels of TEC-4 and TEC-11 antibodies, and late stage intraductal carcinomas and invasive 
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carcinomas binding high levels of these antibodies. 

[0274] Other natural disease-associated vascular endothelial cell markers include a TIE, VCAM-1 , P-selectin, E- 
selectin (ELAM-1), 0^3 integrin, pleiotropin and endosialin, each of which may be targeted using the invention. 

5 (b) Cytokine-Inducible Vascular Endothelial Markers 

[0275] Due to the nature of disease processes, which often result in localized dysfunction within the body, methods 
are available to manipulate the disease site whilst leaving other tissues relatively unaffected. This is particularly true 
in malignant and benign tumors, which exist as distinct entities within the body of an animal. For example, the tumor 
10 environment may be manipulated to create additional markers that are specific for tumor vascular endothelial cells. 
These methods generally mimic those that occur naturally in solid tumors, and also involve the local production of 
signaling agents, such as growth factors or cytokines, that induce the specific expression of certain molecules at the 
surface of the nearby vascular endothelial cells. 

[0276] The group of molecules that may be artificially induced to be expressed at the surface of vascular endothelial 
*5 cells in a disease or tumor environment are herein termed "inducible endothelial cell markers", or specifically, "inducible 
tumor endothelial cell markers". This term is used to refer to those markers that are artificially induced, i.e., induced 
as a result of manipulation by the hand of man, rather than those that are induced as part of the disease or tumor 
development process in an animal. The term "inducible marker", as defined above, is chosen for simple reference in 
the context of the present application, notwithstanding the fact that "natural markers" are also induced, e.g., by tumor- 
2Q derived agents. 

[0277] Thus, although not required to practice the invention, techniques for the selective elicitation of vascular en- 
dothelial antigen targets on the surface of disease-associated vasculature are available that may, if desired, be used 
in conjunction with the invention. These techniques involve manipulating the antigenic expression, or cell surface pres- 
entation, such that a target antigen is expressed or rendered available on the surface of disease-associated vasculature 
25 and not expressed or otherwise rendered accessible or available for binding, or at least to a lesser extent, on the 
surface of normal endothelium. 

[0278] Tumor endothelial markers can be induced by tumor-derived cytokines (Burrows et a/., 1991; Ruco et a/., 
1990) and by angiogenic factors (Mignatti et a/., 1991). Examples of cell surface markers that may be specifically 
induced in the tumor endothelium and then targeted using a bispecific coagulating ligand, as provided by the invention, 

30 include those listed in Table III (Bevilacqua et at. f 1987; Dustin era/, 1986; Osbom et at., 1989; Collins era/., 1984). 
[0279] The mechanisms for the induction of the proposed markers; the inducing, or "intermediate cytokine", such as 
IL-1 and IFN-y; and the leukocyte cell type and associated cytokine-activating molecule, whose targeting will result in 
the release of the cytokine, are also set forth in Table III. In the induction of a specific marker, a bispecific "cytokine- 
inducing" or "antigen-inducing" antibody is generally required. This antibody will selectively induce the release of the 

35 appropriate cytokine in the locale of the tumor, thus selectively inducing the expression of the desired target antigen 
by the vascular endothelial cells. The bispecific antibody cross-links cells of the tumor mass and cytokine-producing 
leukocytes, thereby activating the leukocytes to release the cytokine. 

[0280] The preparation and use of bispecific antibodies such as these is predicated in part on the fact that cross- 
linking antibodies recognizing CD3, CD14, CD16 and CD28 have previously been shown to elicit cytokine production 
40 selectively upon cross-linking with the second antigen (Qian et aL, 1 991 ). In the context of the present invention, since 
only successfully tumor cell-crosslinked leukocytes will be activated to release the cytokine, cytokine release will be 
restricted to the locale of the tumor. Thus, expression of the desired marker, such as E-selectin , will be similarly limited 
to the endothelium of the tumor vasculature. 
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[0281] It is important to note that, from the possible inducible markers listed in Table III, E-selectin and MHC Class 
II antigens, such as HLA-DR, H LA-DP and HLA-DQ (Collins era/., 1 984), are by far the most preferred targets for use 
in connection with clinical embodiments. The other adhesion molecules of Table III appear to be expressed to varying 
degrees in normal tissues, generally in lymphoid organs and on endothelium, making their targeting perhaps appro- 
5 priate only in animal models or in cases where their expression on normal tissues can be inhibited without significant 
side-effects. The targeting of E-selectin or an MHC Class II antigen is preferred as the expression of these antigens 
will likely be the most direct to promote selectively in turn or- associated endothelium. 

E-selectin 

10 

[0282] The targeting of an antigen that is not expressed on the surfaces of normal endothelium is the most straight- 
forward form of the induction methods. E-selectin is an adhesion molecule that is not expressed in normal endothelial 
vasculature or other human cell types (Cotran et al., 1986), but can be induced on the surface of endothelial cells 
through the action of cytokines such as IL-1 , TNF, lymphotoxin and bacterial endotoxin (Bevilacqua et al., 1987). It is 
15 not induced by IFN-y(Wu etai, 1 990). The expression of E-selectin may thus be selectively induced in tumor endothe- 
lium through the selective delivery of such a cytokine, or via the use of a composition that causes the selective release 
of such cytokines in the tumor environment. 

[0283] Bispecific antibodies are one example of a composition capable of causing the selective release of one or 
more of the foregoing or other appropriate cytokines in the tumor site, but not elsewhere in the body. Such bispecific 

20 antibodies are herein termed "antigen-inducing antibodies" and are, of course, distinct from any bispecific antibodies 
of the invention that have targeting and coagulating components. Antigen-inducing antibodies are designed to cross- 
link cytokine effector cells, such as cells of monocyte/macrophage lineage, T cells and/or NK cells or mast cells, with 
tumor cells of the targeted solid tumor mass. This cross-linking would then effect a release of cytokine that is localized 
- to the site of cross-linking, i.e., the tumor. 

25 [0284] Effective antigen-inducing antibodies recognize a selected tumor cell surface antigen on the one hand and, 
on the other hand, recognize a selected "cytokine activating" antigen on the surface of a selected leukocyte cell type. 
The term "cytokine activating" antigen is used to refer to any one of the various known molecules on the surfaces of 
leukocytes that, when bound by an effector molecule, such as an antibody or a fragment thereof or a naturally-occurring 
agent or synthetic analog thereof, be it a soluble factor or membrane-bound counter- receptor on another cell, promotes 

30 the release of a cytokine by the leukocyte cell. Examples of cytokine activating molecules include CD14 (the LPS 
receptor) and FcR for JgE, which will activate the release of IL-1 and TNFa; and CD16, CD2 or CD3 or CD28, which 
will activate the release of IFNy and TNFp, respectively. 

[0285] Once introduced into the bloodstream of an animal bearing a tumor, such an antigen-inducing bispecific an- 
tibody will bind to tumor cells within the tumor, cross-link those tumor cells with effector cells, e.g., monocytes/macro- 

35 phages, that have infiltrated the tumor, and thereafter effect the selective release of cytokine within the tumor. Impor- 
tantly, however, without cross-linking of the tumor and leukocyte, the antigen-inducing antibody will not effect the release 
of cytokine. Thus, no cytokine release will occur in parts of the body removed from the tumor and, hence, expression 
of cytokine-induced molecules, e.g., E-selectin, will occur only within the tumor endothelium. 
[0286] A number of useful "cytokine activating" antigens are known, which, when cross-linked with an appropriate 

40 bispecific antibody, will result in the release of cytokines by the cross-linked leukocyte. The generally preferred target 
for this purpose is CD14, which is found on the surface of monocytes and macrophages. When CD14 is cross linked 
it stimulates monocytes/macrophages to release IL-1 (Schutt etal., 1988; Chen et al., 1990), and possibly other cy- 
tokines, which, in turn stimulate the appearance of E-selectin on nearby vasculature. Other possible targets for cross- 
linking in connection with E-selectin induction and targeting include FcR for IgE, found on Mast cells; FcR for IgG 

45 (CD16), found on NK cells; as well as CD2, CD3 or CD28, found on the surfaces of T cells. Of these, CD14 targeting 
is generally preferred due to the relative prevalence of monocyte/ macrophage infiltration of solid tumors as opposed 
to the other leukocyte cell types. 

[0287] In an exemplary induction embodiment, an animal bearing a solid tumor is injected with bispecific (Fab'-Fab 1 ) 
anti-CD 1 4/anti-tumor antibody (such as anti-CEA, 9.2.27 antibody against high Mr melanoma antigens OV-TL3 or MOv 
so 1 8 antibodies against ovarian associated antigens). The antibody localizes in the tumor, by virtue of its tumor binding 
activity, and then activates monocytes and macrophages in the tumor by crosslinking their CD1 4 antigens (Schutt et. 
al., 1988; Chen et. al., 1990). The activated monocytes/macrophages have tumoricidal activity (Palleroni et. al, 1991) 
and release IL-1 and TNF which rapidly induce E-selectin antigens on the tumor vascular endothelial cells (Bevilacqua 
et. al., 1987; Poberef. al., 1991). 

55 

MHC Class II Antigens 

[0288] The second preferred group of inducible markers contemplated for use with the present invention are the 
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MHC Class II antigens (Collins etal, 1984), including HLA-DR, H LA-DP and HLA-DQ. Class II antigens are expressed 
on vascular endothelial cells in most normal tissues in several .species, including man. Studies in vitro (Collins era/., 
1984; Daaref a/., 1984; O'Connell era/., 1990) and in vivo (Groenewegen etal., 1985) have shown that the expression 
of Class II antigens by vascular endothelial cells requires the continuous presence of IFN-y which is elaborated by T H1 
cells and, to a lesser extent, by NK cells and CD8 + T cells. 

[0289] MHC Class II antigens are not unique to vascular endothelial cells, and are also expressed constitutively on 
B cells, activated T cells., cells of monocyte/macrophage lineage and on certain epithelial cells, both in mice (Hammer- 
ling, 1976) and in man (Daar era/., 1984). Due to the expression of MHC Class II antigens on "normal" endothelium, 
their targeting is not quite so straightforward as E-selectin. However, the induction and targeting of MHC Class II 
antigens is made possible by using in conjunction with an immunosuppressant, such as Cyclosporin A (CsA), that has 
the ability to effectively inhibit the expression of Class II molecules in normal tissues (Groenewegen et a/., 1 985). The 
CsA acts by preventing the activation of T cells and NK cells (Groenewegen et a/., 1985; DeFranco, 1991), thereby 
reducing the basal levels of IFN-y below those needed to maintain Class II expression on endothelium. 
[0290] There are various other cyclosporins related to CsA, including cyclosporins A, B, C, D, G, and the like, that 
also have immunosuppressive action and are likely to demonstrate an ability to suppress Class II expression. Other 
agents that might be similarly useful include FK506 and rapamycin. 

[0291] Thus, the practice of the MHC Class II induction and targeting embodiment requires a pretreatment of the 
tumor-bearing animal with a dose of CsA or other Class II immunosuppressive agent that is effective to suppress Class 
II expression. In the case of CsA, this will typically be on the order of about 10 to about 30 mg/kg body weight. Once 
suppressed in normal tissues, Class 1 1 antigens can then be selectively induced in the tumor endothelium , again through 
the use of a bispecific antibody. 

[0292] In this case, the antigen-inducing bispecific antibody will have specificity for a tumor cell marker and for an 
activating antigen found, on the surface of an effector cell that is capable of inducing IFN-y production. Such effector 
cells will generally be helper T cells (T H ) or Natural Killer (NK) cells. In these embodiments, it is necessary that T cells, 
or NK cells if CD16 is used, be present in the tumor to produce the cytokine intermediate in that Class II antigen 
expression is achieved using IFN-y, but is not achieved with the other cytokines. Thus, for the practice of this aspect 
of the invention, one will desire to select CD2, CD3, CD28, or most preferably CD28, as the cytokine activating antigen 
for targeting by the antigen-inducing bispecific antibody. 

[0293] The T cells that should be activated in the tumor are those adjacent to the vasculature since this is the region 
most accessible to cells and is also where the bispecific antibody will be most concentrated. The activated T cells 
should then secrete IFN-y which induces Class II antigens on the adjacent tumor vasculature. 
[0294] The use of a bispecific (Fab'-Fab') antibody having one arm directed against a tumor antigen and the other 
arm directed against CD28 is currently preferred. This antibody will cross-link CD28 antigens on T cells in the tumor 
which, when combined with a second signal (provided, for example, by IL-1 which is commonly secreted by tumor cells 
(Burrows ef a/., 1991 ; Ruco et a/., 1990), has been shown to activate T cells through a CA 2+ -independent non-CsA- 
inhibitable pathway (Hess etal., 1991; June et a/., 1987; Bjorndahl etal., 1989). 

[0295] The preparation of antibodies against various cytokine activating molecules is also well known in the art. For 
example, the preparation and use of anti-CD 14 and anti-CD28 monoclonal antibodies having the ability to induce 
cytokine production by leukocytes has now been described by several laboratories (reviewed in Schutt et aL, 1988; 
Chen et aL, 1990, and June etal., 1990, respectively). Moreover, the preparation of monoclonal antibodies that will 
stimulate leukocyte release of cytokines through other mechanisms and other activating antigens is also known (Clark 
etal, 1986; Geppert etal, 1990). 

[0296] In still further embodiments, the inventors contemplate an alternative approach for suppressing the expression 
of Class II molecules, and selectively eliciting Class II molecule expression in the locale of the tumor. This approach, 
which avoids the use of both CsA and a bispecific activating antibody, takes advantage of the fact that the expression 
of Class II molecules can be effectively inhibited by suppressing IFN-y production by T cells, e.g., through use of an 
anti-CD4 antibody (Street etal, 1 989). Using this embodiment, IFN-y production is inhibited by administering anti-CD4, 
resulting in the general suppression of Class II expression. Class II is then induced only in the tumor site, e.g., using 
tumor-specific T cells which are only activatable within the tumor. 

[0297] In this mode of treatment, one will generally pretreat an animal or human patient with a dose of anti-CD4 that 
is effective to suppress IFN-y production and thereby suppress the expression of Class II molecules. Effective doses 
are contemplated to be, for example, on the order of about 4 to about 1 0 mg/kg body weight. After Class II expression 
is suppressed, one will then prepare and introduce into the bloodstream an IFN-y-producing T cell clone {e.g., T h 1 or 
cytotoxic T lymphocyte, CTL) specific for an antigen expressed on the surface of the tumor cells. These T cells localizes 
to the tumor mass, due to their antigen recognition capability and, upon such recognition, then release IFN-y. In this 
manner, cytokine release is again restricted to the tumor, thus limiting the expression of Class II molecules to the tumor 
vasculature. 

[0298] The I FN-y-producing T cell clone may be obtained from the peripheral blood (Mazzocchi etal, 1 990), however, 
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a preferred source is from within the tumor mass (Fox etal., 1 990). The currently preferred means of preparing such 
a T cell clone is to remove a portion of the tumor mass from a patient; isolate cells, using collagenase digestion, where 
necessary; enrich for tumor infiltrating leukocytes using density gradient centrifugation, followed by depletion of other 
leukocyte subsets by, e.g., treatment with specific antibodies and complement; and then expand the tumor infiltrating 
5 leukocytes in vitro to provide the I FN-y producing clone. This clone will necessarily be immunologically compatible with 
the patient, and therefore should be well tolerated by the patient. 

[0299] It is proposed that particular benefits will be achieved by further selecting a high IFN-y producing T cell clone 
from the expanded leukocytes by determining the cytokine secretion pattern of each individual clone every 14 days. 
To this end, rested clones will be mitogenically or antigenically-stimulated for about 24 hours and their culture super- 

10 natants assayed, e.g., using a specific sandwich ELISA technique (Cherwinski etal., 1989), for the presence of IL-2, 
I FN-y, IL-4, IL-5 and IL-10. Those clones secreting high levels of IL-2 and IFN^, the characteristic cytokine secretion 
pattern of T H1 clones, will be selected. Tumor specificity will be confirmed using proliferation assays. 
[0300] Furthermore, one will prefer to employ as the anti-CD4 antibody an anti-CD4 Fab, because it will be eliminated 
from the body within 24 hours after injection and so will not cause suppression of the tumor-recognizing T-cell clones 

15 that are subsequently administered. The preparation of T cell clones having tumor specificity is generally known in the 
art, as exemplified by the production and characterization of T cell clones from lymphocytes infiltrating solid melanoma 
tumors (Maeda etal., 1991). 

[0301] In using either of the MHC Class II suppression-induction methods, additional benefits will likely result from 
the fact that anti-Class il antibodies injected intravenously do not appear to reach the epithelial cells or the monocytes/ 

20 macrophages in normal organs other than the liver and spleen . Presumably this is because the vascular endothelium 
in most normal organs is tight, not fenestrated as it is in the liver and spleen, and so the antibodies must diffuse across 
basement membranes to reach the Class ll-positive cells. Also, any B cell elimination that may result, e.g., following 
cross-linking, is unlikely to pose a significant problem as these cells are replenished from Class 1 1 negative progenitors 
(Lowe etal., 1986). Even Bcell killing, as occurs in B lymphoma patients, causes no obvious harm (Vitetta etal., 1991 ). 

25 [0302] In summary, although the tumor coagulating compositions and antibodies of the present invention are ele- 
gantly simple, and do not require the induction of antigens for their operability, the combined use of an antigen-inducing 
bispecific antibody with this invention is also contemplated. Such antibodies would generally be administered prior to 
the bispecific coagulating ligands of this invention. 

[0303] Generally speaking, the more "immunogenic" tumors would be more suitable for the MHC Class II approach 
30 involving, e.g., the cross-linking of T cells in the tumor through an anti-CD28/anti-tumor bispecific antibody, because 
these tumors are more likely to be infiltrated by T cells, a prerequisite for this method to be effective. Examples of 
immunogenic solid tumors include renal carcinomas, melanomas, a minority of breast and colon cancers, as well as 
possibly pancreatic, gastric, liver, lung and glial tumor cancers. These tumors are referred to as "immunogenic" because 
there is evidence that they elicit immune responses in the host and they have been found to be amenable to cellular 
35 immunotherapy (Yamaue et ai, 1990). In the case of melanomas and large bowel cancers, the most preferred anti- 
bodies for use in these instances would be B72.3 (anti-TAG-72) and PRSC5/PR4C2 (anti-Lewis a) or 9.2.27 (anti-high 
Mr melanoma antigen). 

[0304] For the majority of solid tumors of all origins, an anti-CD 14 approach that employs a macrophage/monocyte 
intermediate would be more suitable. This is because most tumors are rich in macrophages. Examples of macrophage- 
40 rich tumors include most breast, colon and lung carcinomas. Examples of preferred anti-tumor antibodies for use in 
these instances would be anti-HER-2, B72.3, SM-3, HMFG-2, and SWA 11 (Smith etal., 1989). 

(c) Coagulant-lnducible Markers 

45 [0305] Coagulants, such as thrombin, Factor IX/IXa, Factor X/Xa, plasmin and metalloproteinases,such as interstitial 
collagenases, stromelysins and gelatinases, also act to induce certain markers. In particular, E-selectin, P-selectin, 
PDGF and ICAM-1 are induced by thrombin (Sugama ef. ai, 1992; Shankar et. a/., 1994). 

[0306] Therefore, for this induction, an anti-coagulant/anti-tumor bispecific antibody will be utilized. The antibody will 
localize in the tumor via its tumor binding activity. The bispecific will then concentrate the coagulant, e.g., thrombin, in 
50 the tumor, resulting in induction of E-selectin and P-selectin on the tumor vascular endothelial cells (Sugama ef. ai, 
1991; Shankar et. ai, 1994). 

[0307] Alternatively, targeting of truncated Tissue Factor to tumor cells or endothelium will induce thrombin deposition 
within the tumor. As the thrombin is deposited, E-selectin and P-selectin will be induced on the tumor vascular en- 
dothelial cells. 

55 

(d) Antibodies to Vascular Endothelial Cell Markers 

[0308] A straightforward means of recognizing a disease-associated vasculature target, whether induced in the nat- 
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ural environment or by artificial means, is through the use of an antibody that has binding affinity for the particular cell 
surface receptor, molecule or antigen. These include antibodies directed against all cell surface components that are 
known to be present on, e.g., tumor vascular endothelial cells, those that are induced or over-expressed in response 
to tumor-derived factors, and those that are induced following manipulation by the hand of man. 
[0309] Anti-vWF recognizes the antigen VIII R Ag and stains 1 00% of tumor types presented and stains 1 00% of the 
vessels in the tumor and presents a strong staining pattern in normal vessels. FB5 recognizes the antigen endosialin 
and stains 50% of tumor types presented and stains 1 0-30% of the vessels in the tumor and presents a staining pattern 
in normal vessels in the lymphoid organs. TP3 recognizes the antigen 80 kDa osteosarcoma related antigen protein 
and stains 50% of tumor types presented and stains 1 0-30% of the vessels in the tumor and presents a strong staining 
pattern in normal vessels on the small blood vessels. BC-1 recognizes the antigen fibronectin isoforms and stains 60% 
of tumor types presented and stains 10-30% of the vessels in the tumor and presents no staining pattern in normal 
vessels. TV-1 recognizes the antigen fibronectin and stains 100% of tumor types presented and stains 100% of the 
vessels in the tumor and presents a strong staining pattern in all normal vessels. LM 609 recognizes the vitronectin 
receptor and stains 85% of tumor types presented and stains 70-80% of the vessels in the tumor and presents a 
medium staining pattern in normal vessels. TEC-11 recognizes endoglin and stains 100% of tumor types presented 
and stains 100% of the vessels in the tumor and present a weak staining pattern in most normal vessels. TEC 110 
recognizes antigens VEGF and stains 100% of tumor types presented and stains 100% of the vessels in the tumor 
and present a weak staining pattern in most normal vessels. 

[031 0] In a comparative study of anti-EC mAbs on human tumors it was found that TEC 1 1 0, TV-1 , and TEC 11 , were 
positive in gastrointestinal, parotid, breast, ovarian uterine, lung and Hodgkin's type tumors. Whereas FB-5 had a slight 
staining in gastrointestinal and lung tumors and was negative in the other tumors listed. TP-3 was positive in gastroin- 
testinal tumors and less so in parotid tumor types, ovarian and Hodgkins type tumors. BC-1 was positive for gastroin- 
testinal tumors as wells as the reproductive and respiratory tumors IM 609 was positive in gastrointestinal, ovarian, 
uterine lung and Hodgkin's tumors as wells as the reproductive, and respiratory tumors. 

[031 1 ] Two further antibodies that may be used in this invention are those described by Rettig et at. (1 992) and Wang 
et a\. (1 993) that are directed against unrelated antigens of unknown function expressed in the vasculature of human 
tumors, but not in most normal tissues. 

[0312] The antibody described by Kim et. aL (1993) may also be used in this invention, particularly as this antibody 
inhibited angiogenesis and suppressed tumor growth in vivo. 

[0313] Antibodies that have not previously been shown to be specific for human tumors may also be used. For 
example, Venkateswaran et ai. (1992) described the production of anti-FGF MAbs. Xu et. aL (1992) developed and 
characterized a panel of 1 6 isoform and domain-specific polyclonal and monoclonal antibodies against FGF receptor 
(fig) isoforms. Massoglia etal. (1987) also reported MAbs against the FGF receptor. 

(e) Generation of Antibodies to Disease Vasculature 

[0314] In addition to utilizing a known antibody, such as those described above and others known and published in 
the scientific literature, one may also generate a novel antibody using standard immunization procedures, as described 
in more detail hereinbelow. To generate an antibody against a known disease-associated vascular marker antigen, 
one would immunize an animal with an immunogenic composition comprising the antigen. This may be a membrane 
preparation that includes, or is enriched for, the antigen; a relatively purified form of the antigen, as isolated from cells 
or membranes; a highly purified form of the antigen, as obtained by a variety of purification steps using, e.g., a native 
antigen extract or a recombinant form of the antigen obtained from a recombinant host cell. 

[031 5] The present invention also provides yet further methods for generating an antibody against an antigen present 
on disease-associated vasculature endothelial cells, which methods are suitable for use even where the biochemical 
identity of the antigen remains unknown. These methods are exemplified through the generation of an antibody against 
tumor vasculature endothelial cells. A first means of achieving antibody generation in this manner uses a preparation 
of vascular endothelial cells obtained from the tumor site of an animal or human patient. One simply immunizes an 
experimental animal with a preparation of such cells and collects the antibodies so produced. The most useful form of 
this method is that where specific antibodies are subsequently selected, as may be achieved using conventional hy- 
bridoma technology and screening against tumor vascular endothelial cells. 

[0316] A development of the above method is that which mimics the tumor vasculature phenomenon in vitro, and 
where cell purification is not necessary. In using this method, endothelial cells are subjected to tumor-derived products, 
such as might be obtained from tumor-conditioned media, in cell culture rather than in an animal. This method generally 
involves stimulating endothelial cells with tumor-conditioned medium and employing the stimulated endothelial cells 
as immunogens to prepare a collection of antibodies. Again, specific antibodies should be selected, e.g., using con- 
ventional monoclonal antibody technology, or other techniques such as combinatorial immunoglobulin phagemid li- 
braries prepared from RNA isolated from the spleen of the immunized animal. One would select a specific antibody 
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that preferentially recognizes tumor-stimulated vascular endothelium and reacts more strongly with tumor-associated 
endothelial cells than with normal adult human tissues. 

(f) Anti-Endoglin Antibodies 

5 

[0317] Antibodies having relative specif icity for tumor vascular endothelium have been prepared and isolated by one 
of the inventors. The MAbs termed tumor endothelial cell antibody 4 and tumor endothelial cell antibody 1 1 (TEC4 and 
TBC1 1 ) were obtained using the above method (U .S. Serial Nos. 08/457,229 and 08/457,031 , each incorporated herein 
by reference). The antigen recognized by TEC4 and TEC 11 was ultimately determined to be the molecule endoglin. 
10 The epitopes on endoglin recognized by TEC4 and TEC11 are present on the cell surface of stimulated HUVE cells, 
and only minimally present (or immunologically accessible) on the surface of non-stimulated cells. MAbs have previ- 
ously been raised against endoglin. However, analyzing the reactivity with HUVEC or TCM -activated HUVEC cell 
surface determinants by FACS or indirect immunofluorescence shows the epitopes recognized by TEC-4 and TEC-1 1 
to be distinct from those of a previous antibody termed 44G4 (Gougos and Letarte, 1988). 

15 

(g) Use of Vascular Endothelial Cell Binding Ligands 

[0318] Biological ligands that are known to bind or interact with endothelial cell surface molecules, such as growth 
factor receptors, may also be employed as a targeting component. 
20 [0319] The growth factors or ligands contemplated to be useful as targets in this sense include VEGF/VPF, FGF, 
TGFp, ligands that bind to a TIE, tumor-associated fibronectin isoforms, scatter factor, hepatocyte growth factor (HGF), 
platelet factor 4 (PF4), PDGF and TIM P. 

[0320] Particularly preferred targets are VEGF/VPF, the FGF family of proteins and TGFp. Abraham et ai (1986) 
cloned FGF, which is therefore available as a recombinant protein. As reported by Ferrara era/. (1991), four species 
25 of VEGF having 1 21 , 1 65, 1 89, and 206 amino acids have been cloned. 

(h) Targeting of Bound Ligands 

[0321] Antibodies or specific targeting ligands may also be directed to any component that binds to the surface of 
30 vascular endothelial cells in a disease site, such as a tumor. Such components are exemplified by tumor-derived ligands 
and antigens, such as growth factors, that bind to specific cell surface receptors already present on the endothelial 
cells, or to receptors that have been induced, or over-expressed, on such cells in response to the tumor environment. 
Tumor vasculatu re-associated targets may also be termed tumor-derived endothelial cell binding factors. 
[0322] A level of specificity required for successful disease targeting will be achieved partly because the local en- 
35 dothelial cells will be induced to express, or reveal, receptors that are not present, or are under-expressed or masked, 
on normal endothelial cells. With tumors, further specificity will result due to the fact that endothelial cells in the tumor 
will capture the tumor-derived factors, and bind them to the cell surface, reducing the amount of ligand available for 
other tissues. When combined with the further dilution of the factor or ligand by distribution in the blood and tissue fluid 
pool, endothelial cells in normal tissues will be expected to bind relatively little of such factors. Thus, operationally, celi- 
ac surface bound ligands or factors will be able to used as a tumor endothelial cell marker. 

[0323] In addition to manufacture by the tumor cells themselves, tumor endothelial cell binding factors may also 
originate from other cell types, such as macrophages and mast cells, that have infiltrated tumors, or may be elaborated 
by platelets that become activated within the tumor. 

[0324] Further growth factors or ligands contemplated to be useful as tumor vasculature-associated targeting agents 
45 include EGF, FGF, VEGF, TGFp, HGF (NaKamura, 1991), angiotropin, TGF-cx, TNF-a, PD-ECGF and TIE binding 
ligands (Bicknell and Harris, 1 992). The currently preferred targeting agents are VEGF/VPF, the FGF family of proteins, 
transforming growth factor-p(TGF-p);TGF-a; tumor necrosis factor-a (TN F-a); angiotropin; platelet-derived endothelial 
cell growth factor (PD-ECGF); TIE binding ligands; pleiotropin. In addition, non-antibody targeting components, such 
as annexins and peptides comprising the tripeptide sequence R-G-D, which specifically target the tumor vasculature 
50 (Pasqualini et a/., 1 997), are also contemplated for use in certain aspects of the invention. 

[0325] Another aspect of the present invention is the use of targeting antibodies, or binding regions therefrom, that 
are specific for epitopes present only on ligand-receptor complexes, which epitopes are absent from both the individual 
(free) ligand and the receptor in its unbound form. These antibodies recognize and bind to the unique conformation 
that results when a ligand, such as a growth factor, binds to its receptor, such as a growth factor receptor, to form a 
55 specifically bound complex. Such epitopes are not present on the uncomplexed forms of the ligands or receptors. 
[0326] The inventors contemplate that the ligand-receptor complexes to which these antibodies bind are present in 
significantly higher number on tumor-associated endothelial cells than on non-tumor associated endothelial cells. Such 
antibodies will therefore be useful as targeting agents and will serve to further increase the specificity of the bispecific 
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coagulants of the invention, 
(i) Receptor Constructs 

5 [0327] Soluble binding domains of endothelial cell surface receptors are also contemplated for use as targeting 
ligands in the present invention. This concept is generally based upon the well-known sandwich binding phenomena 
that has been exploited in a variety of in vitro and in Wvo binding protocols. Basically, as the endothelial cells express 
specific receptors, the cells bind to and adsorb the corresponding ligands, the ligands are then available for binding to 
further receptor constructs should they be introduced into the system. 

10 [0328] A range of useful endothelial cell receptors has been identified in the foregoing sections, with VEGF/VPF, 
FGF, TGFp, TIE-1 and TIE-2 being particularly preferred targets. Each of these receptors could be manipulated to form 
a soluble binding domain for use as a targeting ligand. 

Iv. Disease-Associated Stromal Cell Targets 

15 

(a) Extracellular Matrix/Stromal Targets 

[0329] The usefulness of the basement membrane markers in tumoral pathology was described by Birembaut et al. 
(1985). These studies showed that the distribution of basement membrane (BM) markers, type IV collagen, laminin 
20 (|_M), heparan sulphate proteoglycan (HSP) and fibronectin (FN) were disrupted in tumoral pathology. Burtin et al. 
(1983) also described alterations of the basement membrane and connective tissue antigens in human metastatic 
lymph nodes. 

[0330] A preferred target for use with the invention is RIBS. Ugarova etal. (1993) reported that conformational chang- 
es occur in fibrinogen and are elicited by its interaction with the platelet membrane glycoprotein GPIIb-llla. The binding 
25 of fibrinogen to membrane glycoprotein GPIIb-llla on activated platelets leads to platelet aggregation. This interaction 
results in conformational changes in fibrinogen as evidenced by the expression of receptor- induced binding sites, RIBS, 
epitopes which are expressed by the bound but not the free ligand. 

[0331] Two RIBS epitopes have been localized by Ugarova etal. (1993). One sequence resides at y1 12-11 9 and is 
recognized by MAb 9F9; the second is the RGDF sequence at Aa 95-98 and is recognized by mAb 155B16. These 
30 epitopes are also exposed by adsorption of fibrinogen onto a plastic surface and digestion of the molecule by plasmin. 
Proteolytic exposure of the epitopes coincides with cleavage of the carboxyl-terminal aspects of the Aa-chains to form 
fragment X 2 . The inaccessibility of the RGDF sequence at Aa 95-98 in fibrinogen suggests that this sequence does 
not participate in the initial binding of the molecule to GPIIb-llla. 

[0332] Binding of fibrinogen to its receptor alters the conformation of the carboxyl-terminal aspects of the Aa-chains, 
35 exposing the sequences which reside in the coiled-coil connector segments between the D and E domains of the 
molecule, generating the RIBS epitopes. In practical terms, the RIBS sequences are proposed as epitopes for use in 
targeting with a coaguligand. The MAbs 9F9 and 155B16 may thus be advantageously used, as may the antibodies 
described by Zamarron et al. (1991). 

40 (b) Additional Cellular Targets 

[0333] The combinations for use in the present invention have the further advantage that they may be used to direct 
coagulants to disease-associated vasculature by targeting them to cell types found within the disease region. 
[0334] Platelets participate in hemostasis and thrombosis by adhering to injured blood vessel walls and accumulating 
45 at the site of injury. Although platelet deposition at sites of blood vessel injury is responsible for the primary arrest of 
bleeding under physiologic conditions, it can lead to vascular occlusion with ensuing ischemic tissue damage and 
thrombus embolization under pathologic conditions. 

[0335] Interactions of platelets with their environment and with each other represent complex processes that are 
initiated at the cell surface. The surface membrane, therefore, provides a reactive interface between the external me- 

50 dium, including components of the blood vessel wall and plasma, and the platelet interior. 

[0336] p-155, a multimeric platelet protein that is expressed on activated platelets (Hayward etal., 1991), may be 
targeted using the invention. Platelets respond to a large number of stimuli by undergoing complex biochemical and 
morphological changes. These changes are involved in physiological processes including adhesion, aggregation, and 
coagulation. Platelet activation produces membrane alterations that can be recognized by monoclonal antibodies. The 

55 monoclonal antibody JS-1 (Hayward etal., 1991) is one such antibody contemplated for use as part of a coaguligand. 
[0337] Ligand-induced binding sites (LIBS) are sites expressed on cell surface receptors only after ligand binding 
causes the receptor to change shape, mediate subsequent biological events. These may be seen as counterparts to 
RIBS and are also preferred targets for use with the present invention. 
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[0338] 1 3 anti-LIBS antibodies have been developed by Frelinger et. al. (1 990; 1 991 ), any one of which may be used 
to deliver a coagulant to a disease or tumor site in accordance herewith. The murine monoclonal anti-platelet antibodies 
MA-TSPI-1 (directed against human thrombospondin) and MA-PMI-2, MA-PMI-1, and MA-LIBS-1 (directed against 
LIBS on human platelet glycoprotein llb/llla) of Dewerchin etal. (1991) may also be used, as may RUU 2.41 and LIBS- 
5 1 of Heynen etai (1994); OP-G2 of Tomiyama et al (1992); and Ab-15. 

[0339] Many other targets, such as antigens on smooth muscle cells, pericytes, fibroblasts, macrophages and infil- 
trating lymphocytes and leukocytes may also be used. 

v. Toxins 

10 

[0340] For certain applications, it is envisioned that the second therapeutic agents will be pharmacological agents 
attached to antibodies or growth factors, particularly cytotoxic or otherwise anti-cellular agents having the ability to kill 
or suppress the growth or cell division of endothelial cells. In general, the secondary aspects of the invention contem- 
plate the use of any pharmacological agent that can be conjugated to a targeting agent, preferably an antibody, and 

is delivered in active form to the targeted endothelium or stroma. Exemplary anti-cellular agents include chemotherapeutic 
agents, radioisotopes as well as cytotoxins. In the case of chemotherapeutic agents, the inventors propose that agents 
such as a hormone such as a steroid; an anti-metabolite such as cytosine arabinoside, fluorouracil, methotrexate or 
aminopterin; an anthracycline; mitomycin C; a vinca alkaloid; demecolcine; etoposide; mithramycin; or an anti-tumor 
alkylating agent such as chlorambucil or melphalan, will be particularly preferred. Other embodiments may include 

20 agents such as a cytokine, growth factor, bacterial endotoxin or the lipid A moiety of bacterial endotoxin. In any event, 
it is proposed that agents such as these may, if desired, be successfully conjugated to a targeting agent, preferably 
an antibody, in a manner that will allow their targeting, internalization, release or presentation to blood components at 
the site of the targeted endothelial cells as required using known conjugation technology (see, e.g., Ghose etai, 1983 
- and Ghose etal., 1987). 

25 [0341 ] In certain preferred embodiments, the immunotoxins will include generally a plant-, fungus- or bacteria-derived 
toxin, such as an A chain toxins, a ribosome inactivating protein, a-sarcin, aspergillin, restrictocin, a ribonuclease, 
diphtheria toxin or pseudomonas exotoxin, to mention just a few examples. The use of toxin-antibody constructs is 
well known in the art of immunotoxins, as is their attachment to antibodies. Of these, a particularly preferred toxin for 
attachment to antibodies will be a deglycosylated ricin A chain. Deglycosylated ricin A chain is preferred because of 

30 its extreme potency, longer half-life, and because it is economically feasible to manufacture it a clinical grade and scale. 

(a) Preparation of targeting agent-toxin conjugates 

[0342] While the preparation of immunotoxins is, in general, well known in the art (see, e.g., patents U.S. 4,340,535, 
35 and EP 44167, both incorporated herein by reference), the inventors are aware that certain advantages may be 
achieved through the application of certain preferred technology, both in the preparation of the immunotoxins and in 
their purification for subsequent clinical administration. For example, while IgG based immunotoxins will typically exhibit 
better binding capability and slower blood clearance than their Fab* counterparts, Fab' fragment-based immunotoxins 
will generally exhibit better tissue penetrating capability as compared to IgG based immunotoxins. 
40 [0343] Additionally, while numerous types of disulfide-bond containing linkers are known which can successfully be 
employed to conjugate the toxin moiety with the targeting agent, certain linkers will generally be preferred over other 
linkers, based on differing pharmacological characteristics and capabilities. For example, linkers that contain a disulfide 
bond that is sterically "hindered" are to be preferred, due to their greater stability in vivo, thus preventing release of the 
toxin moiety prior to binding at the site of action. Furthermore, while certain advantages in accordance with the invention 
45 will be realized through the use of any of a number of toxin moieties, the inventors have found that the use of ricin A 
chain, and even more preferably deglycosylated A chain, will provide particular benefits. 

[0344] A wide variety of cytotoxic agents are known that may be conjugated to anti-endothelial cell antibodies. Ex- 
amples include numerous useful plant-, fungus- or even bacteria-derived toxins, which, by way of example, include 
various A chain toxins, particularly ricin A chain, ribosome inactivating proteins such as saporin or gelonin, a-sarcin, 

50 aspergillin, restrictocin, ribonucleases such as placental ribonuclease, angiogenic, diphtheria toxin, and pseudomonas 
exotoxin, to name just a few. The most preferred toxin moiety for use in connection with the invention is toxin A chain 
which has been treated to modify or remove carbohydrate residues, so called deglycosylated A chain. The inventors 
have had the best success through the use of deglycosylated ricin A chain (dgA) which is now available commercially 
from Inland Laboratories, Austin, TX. 

55 [0345] However, it may be desirable from a pharmacological standpoint to employ the smallest molecule possible 
that nevertheless provides an appropriate biological response. One may thus desire to employ smaller A chain peptides 
which will provide an adequate anti-cellular response. To this end, it has been discovered by others that ricin A chain 
may be "truncated" by the removal of 30 N-terminal amino acids by Nagarase (Sigma), and still retain an adequate 
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toxin activity. It is proposed that where desired, this truncated A chain may be employed in conjugates in accordance 
with the invention. 

[0346] Alternatively, one may find that the application of recombinant DNA technology to the toxin A chain moiety 
will provide additional significant benefits in accordance the invention. In that the cloning and expression of biologically 
active ricin A chain has now been enabled through the publications of others (O'Hare et at., 1987; Lamb era/., 1985; 
Hailing et a/., 1 985), it is now possible to identify and prepare smaller or otherwise variant peptides which nevertheless 
exhibit an appropriate toxin activity. Moreover, the fact that ricin A chain has now been cloned allows the application 
of site-directed mutagenesis, through which one can readily prepare and screen for A chain derived peptides and 
obtain additional useful moieties for use in connection with the present invention. 

[0347] The cross-linking of the toxin A chain region of the conjugate with the targeting agent region is an important 
aspect of the invention. In certain cases, it is required that a cross-linker which presents disulfide function be utilized 
for the conjugate to have biological activity. The reason for this is unclear, but is likely due to a need for certain toxin 
moieties to be readily releasable from the targeting agent once the agent has "delivered" the toxin to the targeted cells. 
Each type of cross-linker, as well as how the cross-linking is performed, will tend to vary the pharmacodynamics of the 
resultant conjugate. Ultimately, in cases where a releasable toxin is contemplated, one desires to have a conjugate 
that will remain intact under conditions found everywhere in the body except the intended site of action, at which point 
it is desirable that the conjugate have good "release" characteristics. Therefore, the particular cross-linking scheme, 
including in particular the particular cross-linking reagent used and the structures that are cross-linked, will be of some 
significance. 

[0348] Depending on the specific toxin compound used as part of the fusion protein, it may be necessary to provide 
a peptide spacer operatively attaching the targeting agent and the toxin compound which is capable of folding into a 
disulfide-bonded loop structure. Proteolytic cleavage within the loop would then yield a heterodimeric polypeptide 
wherein the targeting agent and the toxin compound are linked by only a single disulfide bond. See, for example, Lord 
et al (1992). An example of such a toxin is a Ricin A-chain toxin. 

[0349] When certain other toxin compounds are utilized, a non-cleavable peptide spacer may be provided to oper- 
atively attach the targeting agent and the toxin compound of the fusion protein. Toxins which may be used in conjunction 
with non-cleavable peptide spacers are those which may, themselves, be converted by proteolytic cleavage, into a 
cytotoxic disulfide-bonded form (see for example, Ogata et al., 1990). An example of such a toxin compound is a 
Pseudonomas exotoxin compound. 

[0350] Nucleic acids that may be utilized herein comprise nucleic acid sequences that encode a targeting agent of 
interest and nucleic acid sequences that encode a toxin agent of interest. Such target agent-encoding and toxin agent- 
encoding nucleic acid sequences are attached in a manner such that translation of the nucleic acid yields the targeting 
agent/toxin compounds of the invention. 

(b) Attachment of other agents to targeting agents 

[0351] It is contemplated that most therapeutic applications of the additional IT aspects of the present invention will 
involve the targeting of a toxin moiety to the tumor endothelium or stroma. This is due to the much greater ability of 
most toxins to deliver a cell killing effect as compared to other potential agents. However, there may be circumstances, 
such as when the target antigen does not internalize by a route consistent with efficient intoxication by targeting agent/ 
toxin compounds, such as immunotoxins, where one will desire to target chemotherapeutic agents such as anti-tumor 
drugs, other cytokines, antimetabolites, alkylating agents, hormones, and the like. The advantages of these agents 
over their non-targeting agent conjugated counterparts is the added selectivity afforded by the targeting agent, such 
as an antibody. One might mention by way of example agents such as steroids, cytosine arabinoside, methotrexate, 
aminopterin, anthracyclines, mitomycin C, vinca alkaloids, demecolcine, etoposide, mithramycin, and the like. This list 
is, of course, merely exemplary in that the technology for attaching pharmaceutical agents to targeting agents, such 
as antibodies, for specific delivery to tissues is well established (see, e.g., Ghose and Blair, 1987). 
[0352] A variety of chemotherapeutic and other pharmacological agents have now been successfully conjugated to 
antibodies and shown to function pharmacologically (see, e.g., Vaickus etai, 1991). Exemplary antineoplastic agents 
that have been investigated include doxorubicin, daunomycin, methotrexate, vinblastine, and various others (Dillman 
etai, 1988; Pietersz etai, 1988). Moreover, the attachment of other agents such as neocarzinostatin (Kimura etai, 
1983), macromycin (Manabe etai, 1984), trenimon (Ghose, 1982) and a-amanitin (Davis and Preston, 1981) has been 
described. 

vi. Coaguligands 

[0353] The second, targeted agent for optional use with the invention may also comprise a targeted component that 
is capable of promoting coagulation. Such "targeted coagulation promoting agents" or "coaguligands" include any of 
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the foregoing targeting agents that are operably associated with one or more coagulation factors. The targeting agent 
may be directly linked to a factor that directly or indirectly stimulates coagulation, or the targeting agent may linked to 
a second binding region that is capable of binding and releasing a coagulation factor that directly or indirectly stimulates 
coagulation. 

5 

(a) Coagulation Factors 

[0354] Exemplary coagulation factors are the types of tTF, dimeric, multimeric and mutant molecules of the present 
invention, as described in detail herein. 
10 [0355] A variety of other coagulation factors may be used in connection with the present invention, as exemplified 
by the agents set forth below. Where a coagulation factor is covalently linked to a first binding or targeting agent, a site 
distinct from its functional coagulating site is used to join the molecules. Appropriate joining regions distinct from the 
active sites, or functional regions, of the coagulation factors are also described in each of the following sections. 

'5 Clotting Factors 

[0356] Thrombin, Factor VA/a and derivatives, Factor VII IA/I I la and derivatives, Factor IX/IXa and derivatives, Factor 
X/Xa and derivatives, Factor Xl/XIa and derivatives, Factor Xll/Xlla and derivatives, Factor XMl/Xllla and derivatives, 
Factor X activator and Factor V activator may also be used in the present invention. 

20 

Venom Coagulants 

[0357] Russell's viper venom was shown to contain a coagulant protein by Williams and Esnouf in 1 962. Kisiel (1 979) 
isolated a venom glycoprotein that activates Factor V; and Di Scipio et af. (1977) showed that a protease from the 
25 venom activates human Factor X. The Factor X activator is the component contemplated for use in this invention. 
[0358] Monoclonal antibodies specific for the Factor X activator present in Russell's viper venom have also been 
produced (e.g., MP1 of Pukrittayakamee etal., 1983), and could be used to deliver the agent to a specific target site 
within the body. 

30 Prostaglandins and Synthetic Enzymes 

[0359] Thromboxane A 2 is formed from endoperoxides by the sequential actions of the enzymes cyclooxygenase 
and thromboxane synthetase in platelet microsomes. Thromboxane A 2 is readily generated by platelets and is a potent 
vasoconstrictor, by virtue of its capacity to produce platelet aggregation (Whittle etal., 1981). 

35 [0360] Both thromboxane A 2 and active analogues thereof are contemplated for use in the present invention. A 
synthetic protocol for generating thromboxane A 2 is described by Bhagwat et at. (1 985). The thromboxane A 2 analogues 
described by Ohuchida et. at. (1981) (especially compound 2) are particularly contemplated for use herewith. 
[0361] It is possible that thromboxane synthase, and other enzymes that synthesize platelet-activating prostaglan- 
dins, may also be used as "coagulants" in the present context. Shen and Tai (1986) describe monoclonal antibodies 

40 to, and immunoaffinity purification of, thromboxane synthase; and Wang et. al. (1991) report the cDNA for human 
thromboxane synthase. 

Inhibitors of Fibrinolysis 

45 [0362] a2-antiplasmin, or ot2-plasmin inhibitor, is a proteinase inhibitor naturally present in human plasma that func- 
tions to efficiently inhibit the lysis of fibrin clots induced by plasminogen activator (Moroi and Aoki, 1 976). oc2-antiplasmin 
is a particularly potent inhibitor, and is contemplated for use in the present invention. 

[0363] a2-antiplasmin may be purified as first described by Moroi and Aoki (1 976). Other purification schemes are 
also available, such as using affinity chromatography on plasminogen-Sepharose, ion-exchange chromatography on 

50 DEAE-Sephadex and chromatography on Concanavalin-A-Sepharose; or using affinity chromatography on a Sepha- 
rose column bearing an elastase-digested plasminogen formulation containing the three AMerminal triple-loop struc- 
tures in the plasmin A-chain (LBS I), followed by gel filtration (Wiman and Collen, 1977; Wiman, 1980, respectively). 
[0364] As the cDNA sequence for cc2-antiplasmin is available (Tone etal, 1977), a preferred method for a2-antiplas- 
min production will be via recombinant expression. 

55 [0365] Monoclonal antibodies against a2-antiplasmin are also available that may be used in the bispecific binding 
ligand embodiments of the invention. For example, Hattey et at. (1987) described two MAbs against a2-antiplasmin, 
MPW2AP and MPW3AP. As each of these MAbs were reported to react equally well with native a2-antiplasmin, they 
could both be used to deliver exogenous a2-antiplasmin to a target site or to garner endogenous oc2-antiplasmin and 
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concentrate it within the targeted region . Other antibodies, such as JTPI-2, described by Mimuro and colleagues, could 
also be used. 

(b) Agents that Bind Coagulation Factors 

5 

[0366] Another group of targeted coagulating ligands for use with the TFs of this invention are those in which the 
targeting region is not directly linked to a coagulation factor, but is linked to a second binding region that binds to a 
coagulating factor. 

[0367] Where a second binding region is used to bind and deliver a coagulation factor, the binding region is chosen 
io so that it recognizes a site on the coagulation factor that does not significantly impair its ability to induce coagulation. 
The regions of the coagulation factors suitable for binding in this manner will generally be the same as those regions 
that are suitable for covalent linking to the targeting region, as described in the previous sections. 
[0368] However, in that bispecific ligands of this class may be expected to release the coagulation factor following 
delivery to the tumor site or region, there is more flexibility allowed in the regions of the coagulation factor suitable for 
15 binding to a second binding agent or antibody. 

[0369] Suitable second binding regions for use in this manner, will generally be antigen combining sites of antibodies 
that have binding specificity for the coagulation factor, including functional portions of antibodies, such as scFv, Fv, 
Fab', Fab and F(ab') 2 fragments. 

[0370] Bispecific binding ligands that contain antibodies, or fragments thereof, directed against Tissue Factor, 
20 Thrombin, Prekallikein, FactorV/Va, Factor VII l/Vll la, Factor IX/IXa, Factor X/Xa, Factor Xl/XIa, Factor XI l/XI la, Factor 
Xlll/Xllla, Russell's viper venom, thromboxane A 2 or a2-antiplasmin are exemplary embodiments of this aspect of the 
invention. 

(c) TF Prodrugs 

25 

[0371 ] Exemplary tTF prodrugs have the following structures: tTF ^9 ( x )ni ( Y )n2 z L'gand, where tTF 1 _ 219 represents 
TF minus the cytosolic and transmembrane domains; X represents a hydrophobic transmembrane domain nl amino 
acids (AA) in length (n=1 -20 AA); Y represents a hydrophilic protease recognition sequence of n2 AA in length (sufficient 
AA to ensure appropriate protease recognition); Z represents a disulfide thioester or other linking group such as 
30 (Cys)-|. 2 ; Ligand represents an antibody or other targeting moiety recognizing tumor-cells, tumor EC, connective tissue 
(stroma) or basal lamina markers. 

[0372] The tTF prodrug is contemplated for injection intravenously allowing it to localize to diseased tissue (e.g., 
tumor). Once localized in the diseased tissue, endogenous proteases (e.g., metalloproteinases, thrombin, Factor Xa, 
Factor Vila, Factor IXa, plasmin) will cleave the hydrophilic protease recognition sequence from the prodrug which will 
35 allow the hydrophobic transmembrane sequence to insert into a local cell membrane. Once the tail has inserted into 
the membrane, the tTF will regain its coagulation-inducing properties resulting in clot formation in the vasculature of 
the diseased tissue. 

(d) Bispecific Antibodies 

40 

[0373] In general, the preparation of bispecific antibodies is also well known in the art, as exemplified by Glennie et 
al. (1987). Bispecific antibodies have been employed clinically, for example, to treat cancer patients (Bauer et a/., 
1 991 ). One method for the preparation of bispecific antibodies involves the separate preparation of antibodies having 
specificity for the targeted tumor eel I antigen, on the one hand, and the coagulating agent (or other desired target, such 

45 as an activating antigen) on the other. 

[0374] Bispecific antibodies have also been developed particularly for use as immunotherapeutic agents. As men- 
tioned earlier in conjunction with antigen-induction, certain of these antibodies were developed to cross-link lym- 
phocytes and tumor antigens (Nelson, 1991; Segal et al., 1992). Examples include chimeric molecules that bind T 
cells, e.g., at CD3, and tumor antigens, and trigger lymphocyte-activation by physically cross-linking the TCR/CD3 

50 complex in close proximity to the target cell (Staerz era/., 1985; Perez et at., 1985; 1986a; 1986b; Ting etal., 1988). 
[0375] Indeed, tumor cells of carcinomas, lymphomas, leukemias and melanomas have been reported to be sus- 
ceptible to bispecific antibody-mediated killing by T cells (Nelson, 1991 ; Segal etal., 1992; deLeij etal., 1991). These 
type of bispecific antibodies have also been used in several Phase I clinical trials against diverse tumor targets. The 
bispecific cross-linking antibodies may be administered as described in references such as deLeij elal. (1991); Clark 

55 etal. (1991); Rivoltini etal. (1992); Bolhuis etal. (1992); and Nitta etal (1990). 

[0376] While numerous methods are known in the art for the preparation of bispecific antibodies, the Glennie etal. 
(1987) method involves the preparation of peptic F(ab'y) 2 fragments from the two chosen antibodies, followed by re- 
duction of each to provide separate Fab'y SH fragments. The SH groups on one of the two partners to be coupled are 
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then alkylated with a cross-linking reagent such as o-phenylenedimaleimide to provide free maleimide groups on one 
partner. This partner may then be conjugated to the other by means of a thioether linkage, to give the desired Ffab'y^ 
heteroconjugate. 

[0377] Due to ease of preparation, high yield and reproducibility, the Glennie et ai. (1 987) method is often preferred 
5 for the preparation of bispecif ic antibodies, however, there are numerous other approaches that can be employed and 

that are envisioned by the inventors. For example, other techniques are known wherein cross-linking with SPDP or 

protein A is carried out, or a trispecific construct is prepared (Titus era/., 1987; Tutt et a/., 1991). 

[0378] Another method for producing bispecific antibodies is by the fusion of two hybridomas to form a quadroma 

(Flaveil et a/., 1991, 1992; Pimm etal., 1992; French era/., 1991; Embleton era/., 1991). As used herein, the term 
10 "quadroma" is used to describe the productive fusion of two B cell hybridomas. Using now standard techniques, two 

antibody producing hybridomas are fused to give daughter cells, and those cells that have maintained the expression 

of both sets of clonotype immunoglobulin genes are then selected. 

[0379] A preferred method of generating a quadroma involves the selection of an enzyme deficient mutant of at least 
one of the parental hybridomas. This first mutant hybridoma cell line is then fused to cells of a second hybridoma that 

15 had been lethally exposed, e.g., to iodoacetamide, precluding its continued survival. Cell fusion allows for the rescue 
of the first hybridoma by acquiring the gene for its enzyme deficiency from the lethally treated hybridoma, and the 
rescue of the second hybridoma through fusion to the first hybridoma. Preferred, but not required, is the fusion of 
immunoglobulins of the same isotype, but of a different subclass. A mixed subclass antibody permits the use if an 
alternative assay for the isolation of a preferred quadroma. 

20 [0380] In more detail, one method of quadroma development and screening involves obtaining a hybridoma line that 
secretes the first chosen MAb and making this deficient for the essential metabolic enzyme, hypoxanthine-guanine 
phosphoribosyltransferase (HGPRT). To obtain deficient mutants of the hybridoma, cells are grown in the presence of 
increasing concentrations of 8-azaguanine (1 x 1Cr 7 M to 1 x 10" 5 M). The mutants are subcloned by limiting dilution 
and tested for their hypoxanthine/ aminopterin/ thymidine (HAT) sensitivity. The culture medium may consist of, for 

25 example, DMEM supplemented with 10% FCS, 2 mM L-Glutamine and 1 mM penicillin-streptomycin. 

[0381] A complementary hybridoma cell line that produces the second desired MAb is used to generate the quad- 
romas by standard cell fusion techniques (Galfre etal, 1 981), or by using the protocol described by Clark etal. (1988). 
Briefly, 4.5 x 1 0 7 HAT-sensitive first cells are mixed with 2.8 x 1 0 7 HAT-resistant second cells that have been pre-treated 
with a lethal dose of the irreversible biochemical inhibitor iodoacetamide (5 mM in phosphate buffered saline) for 30 

30 minutes on ice before fusion. Cell fusion is induced using polyethylene glycol (PEG) and the cells are plated out in 96 
well microculture plates. Quadromas are selected using HAT-containing medium. Bispecific antibody-containing cul- 
tures are identified using, for example, a solid phase isotype-specific ELISA and isotype-specific immunofluorescence 
staining. 

[0382] In one identification embodiment to identify the bispecific antibody, the wells of microtiter plates (Falcon, Bec- 
35 ton Dickinson Labware) are coated with a reagent that specifically interacts with one of the parent hybridoma antibodies 
and that lacks cross-reactivity with both antibodies. The plates are washed, blocked, and the supernatants (SNs) to 
be tested are added to each well. Plates are incubated at room temperature for 2 hours, the supernatants discarded, 
the plates washed, and diluted alkaline phosphatase-anti-antibody conjugate added for 2 hours at room temperature. 
The plates are washed and a phosphatase substrate, e.g., P-Nitrophenyl phosphate (Sigma, St. Louis) is added to 
40 each well. Plates are incubated, 3N NaOH is added to each well to stop the reaction, and the OD 410 values determined 
using an ELISA reader. 

[0383] In another identification embodiment, microtiter plates pre-treated with poly-L-lysine are used to bind one of 
the target cells to each well, the cells are then fixed, e.g. using 1% glutaraldehyde, and the bispecific antibodies are 
tested for their ability to bind to the intact cell. In addition, FACS, immunofluorescence staining, idiotype specific anti- 
45 bodies, antigen binding competition assays, and other methods common in the art of antibody characterization may 
be used in conjunction with the present invention to identify preferred quadromas. 

[0384] Following the isolation of the quadroma, the bispecific antibodies are purified away from other cell products. 
This may be accomplished by a variety of protein isolation procedures, known to those skilled in the art of immunoglob- 
ulin purification. Means for preparing and characterizing antibodies are well known in the art (See, e.g., Antibodies: A 

50 Laboratory Manual, 1988). 

[0385] For example, supernatants from selected quadromas are passed over protein A or protein G sepharose col- 
umns to bind IgG (depending on the isotype). The bound antibodies are then eluted with, e.g. a pH 5.0 citrate buffer. 
The elute fractions containing the BsAbs, are dialyzed against an isotonic buffer. Alternatively, the eluate is also passed 
over an anti-immunoglobulin-sepharose column. The BsAb is then eluted with 3.5 M magnesium chloride. BsAbs pu- 

55 rified in this way are then tested for binding activity by, e.g., an isotype-specific ELISA and immunofluorescence staining 
assay of the target cells, as described above. 

[0386] Purified BsAbs and parental antibodies may also be characterized and isolated by SDS-PAGE electrophore- 
sis, followed by staining with silver or Coomassie. This is possible when one of the parental antibodies has a higher 
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molecular weight than the other, wherein the band of the BsAbs migrates midway between that of the two parental 
antibodies. Reduction of the samples verifies the presence of heavy chains with two different apparent molecular 
weights. 

[0387] Furthermore, recombinant technology is now available for the preparation of antibodies in general, allowing 
5 the preparation of recombinant antibody genes encoding an antibody having the desired dual specificity (Van Duk et 
a/., 1989). Thus, after selecting the monoclonal antibodies having the most preferred binding characteristics, the re- 
spective genes for these antibodies can be isolated, e.g., by immunological screening of a phage expression library 
(Oi and Morrison, 1986; Winter and Milstein, 1991). Then, through rearrangement of Fab coding domains, the appro- 
priate chimeric construct can be readily obtained. 

10 

vii. Combined Treatment 

[0388] The Tissue Factor compositions in combination with either immunotoxins or coaguligands are contemplated 
for use in the clinical treatment of various human cancers and even other disorders, such as benign prostatic hyperplasia 

is and rheumatoid arthritis, in which the intermediate or longer term arrest of blood flow would be advantageous. 

[0389] The combination of the Tissue Factor compositions disclosed in the present application with immunotoxins 
and coaguligands are considered to be particularly useful tools in anti-tumor therapy. From the data presented herein, 
including the animal studies, and the knowledge in the art regarding treatment of Lymphoma (Glennie et al., 1988), 
T-Cell targeting (Nolan and Kennedy, 1990) and drug targeting (Paulus, 1985) appropriate doses and treatment regi- 

20 mens may be straightforwardly developed. 

[0390] It is currently proposed that effective doses of the immunotoxins and coaguligands for use with the Tissue 
Factor constructs described above in the treatment of cancer will be between about 0. 1 mg/kg and about 2 mg/kg, and 
preferably, of between about 0.8 mg/kg and about 1 .2 mg/kg, when administered via the IV route at a frequency of 
about 1 time per week. Some variation in dosage will necessarily occur depending on the condition of the subject being 

25 treated. The person responsible for administration will, in any event, determine the appropriate dose for the individual 
subject. Such optimization and adjustment is routinely carried out in the art and by no means reflects an undue amount 
of experimentation. 

[0391] Naturally, before wide-spread use, further animal studies and clinical trials will be conducted. The various 
elements of conducting a clinical trial, including patient treatment and monitoring, will be known to those of skill in the 
30 art in light of the present disclosure. The following information is being presented as a general guideline for use in 
establishing such trials. 

[0392] It is contemplated that patients chosen for combined studies would have failed to respond to at least one 
course of conventional therapy and had to have objectively measurable disease as determined by physical examination, 
laboratory techniques, or radiographic procedures. Where murine monoclonal antibody portions are employed in the 
35 immunotoxins or coaguligands, the patients should have no history of allergy to mouse immunoglobulin. Any chemo- 
therapy should be stopped at least 2 weeks before entry into the study. 

[0393] In regard to administration of the Tissue Factor constructs with either immunotoxins or coaguligands, it is 
considered that certain advantages will be found in the use of an indwelling central venous catheter with a triple lumen 
port. The therapeutic mixtures should be filtered, for example, using a 0.22 \i filter, and diluted appropriately, such as 
40 with saline, to a final volume of 1 00 ml. Before use, the test sample should also be filtered in a similar manner, and its 
concentration assessed before and after filtration by determining the A 280 . The expected recovery should be within the 
range of 87 to 99%, and adjustments for protein loss can then be accounted for. 

[0394] These Tissue Factor and IT or coaguligand combinations may be administered over a period of approximately 
4-24 hours, with each patient receiving 2-4 infusions at 2-7 day intervals. Administration can also be performed by a 

45 steady rate of infusion over a 7 day period. The infusion given at any dose level should be dependent upon any toxicity 
observed. Hence, if Grade II toxicity was reached after any single infusion, or at a particular period of time for a steady 
rate infusion, further doses should be withheld or the steady rate infusion stopped unless toxicity improved. Increasing 
doses of Tissue Factor with either immunotoxins or coaguligands should be administered to groups of patients until 
approximately 60% of patients showed unacceptable Grade ill or IV toxicity in any category. Doses that are 2/3 of this 

50 value could be defined as the safe dose. 

[0395] Physical examination, tumor measurements, and laboratory tests should, of course, be performed before 
treatment and at intervals up to 1 month later. Laboratory tests should include complete blood counts, serum creatinine, 
creatine kinase, electrolytes, urea, nitrogen, SGOT, bilirubin, albumin, and total serum protein. Serum samples taken 
up to 60 days after treatment should be evaluated by radioimmunoassay for the presence of the intact Tissue Factor, 

55 immunotoxin and/or coaguligand or components thereof and antibodies against any portions thereof. Immunological 
analyses of sera, using any standard assay such as, for example, an ELISA or RIA, will allow the pharmacokinetics 
and clearance of the therapeutic agent to be evaluated. 

[0396] To evaluate the anti-tumor responses, it is contemplated that the patients should be examined at 48 hours to 
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1 week and again at 30 days after the last Infusion. When palpable disease was present, two perpendicular diameters 
of all masses should be measured daily during treatment, within 1 week after completion of therapy, and at 30 days. 
To measure nonpalpable disease, serial CT scans could be performed at 1 -cm intervals throughout the chest, abdomen, 
and pelvis at 48 hours to 1 week and again at 30 days. Tissue samples should also be evaluated histologically, and/ 

5 or by flow cytometry, using biopsies from the disease sites or even blood or fluid samples if appropriate. 

[0397] Clinical responses may be defined by acceptable measure. For example, a complete response may be defined 
by the disappearance of all measurable tumor 1 month after treatment. Whereas a partial response may be defined 
by a 50% or greater reduction of the sum of the products of perpendicular diameters of all evaluable tumor nodules 1 
month after treatment, with no tumor sites showing enlargement. Similarly, a mixed response may be defined by a 

10 reduction of the product of perpendicular diameters of all measurable lesions by 50% or greater 1 month after treatment, 
with progression in one or more sites. 

F. Prolonged Half-Life TF 

15 [0398] It is demonstrated herein that the anti-tumor activity of tTF is enhanced by conjugating tTF to carrier molecules, 
such as immunoglobulins, that delay clearance of tTF from the body. For example, linking tTF to immunoglobulin 
enhances the anti-tumor activity by prolonging the in vivo half-life of tTF such that tTF persists for longer and has more 
time to induce thrombotic events in tumor vessels. The prolongation in half-life either results from the increase in size 
of tTF above the threshold for glomerular filtration; or from active readsorption of the conjugate within the kidney, a 

20 property of the Fc piece of immunoglobulin (Spiegelberg and Weigle, 1 965). It is also possible that the immunoglobulin 
component changes the conformation of tTF to render it more active or stable. Other carrier molecules besides immu- 
noglobulin are contemplated to produce similar effects and are thus encompassed within the present invention. 

' F1. Modifications 

25 

[0399] Given that a first interpretation of the prolonged half-life observed upon the linkage of tTF to immunoglobulin 
is simply that the resultant increase in size leads to prolonged plasma half-life, the inventors contemplate that other 
modifications that increase the size of TF constructs can be advantageously used in connection with the present in- 
vention, so long as the lengthening modification does not substantially restore membrane-binding functionality to the 
30 modified TF construct. Absent such a possibility, which can be readily tested, virtually any generally inert biologically 
acceptable molecule may be conjugated with a TF construct in order to prepare a modified TF with increased in vivo 
half-life. 

[0400] Modification may also be made to the structure of TF itself to render it either more stable, or perhaps to reduce 
the rate of catabolism in the body. One mechanism for such modifications is the use of d-amino acids in place of A 

35 amino acids in the TF molecule. Those of ordinary skill in the art will understand that the introduction of such modifi- 
cations needs to be followed by rigorous testing of the resultant molecule to ensure that it still retains the desired 
biological properties. Further stabilizing modifications include the use of the addition of stabilizing moieties to either 
the N-terminal or the C-terminal, or both, which is generally used to prolong the half-life of biological molecules. By 
way of example only, one may wish to modify the termini of the TF constructs by acylation or amination. The variety 

40 of such modifications may also be employed together, and portions of the TF molecule may also be replaced by pep- 
tidomimetic chemical structures that result in the maintenance of biological function and yet improve the stability of the 
molecule. 

F2. Conjugates 

45 

i. Proteins 

[0401] Techniques useful in connection with conjugation proteins of interest to carrier proteins are widely used in the 
scientific community. It will be generally understood that in the preparation of such TF conjugates for use in the present 
so invention, the protein chosen as a carrier molecule should have certain defined properties. For example, it must of 
course be biologically compatible and not result in any significant untoward effects upon administration to a patient. 
Furthermore, it is generally required that the carrier protein be relatively inert, and non-immunogenic, both of which 
properties will result in the maintenance of TF function and will allow the resultant construct to avoid excretion through 
the kidney. Exemplary proteins are albumins and globulins. 

55 

#7. Non Proteins 

[0402] In common with the protein conjugates described above, the TF molecules of the present invention may also 
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be conjugated to non-protein elements in order to improve their half-life in vivo. Again, the choice of non-protein mol- 
ecules for use in such conjugates will be readily apparent to those of ordinary skill in the art. For example, one may 
use any one or more of a variety of natural or synthetic polymers, including polysaccharides and PEG. 
[0403] In the context of preparing conjugates, whether proteinaceous or non-proteinaceous, one should take care 
5 that the introduced conjugate does not substantially reassociate the modified TF molecule with the plasma membrane 
such that it increases its coagulation ability and results in a molecule that exerts harmful side effects following admin- 
istration. As a general rule, it is believed that hydrophobic additions or conjugates should largely be avoided in con- 
nection with these embodiments. 

10 //;. Immunoconjugates 

[0404] Where antibodies are used to conjugate to the tTF compositions of the present invention, the choice of anti- 
body will generally be dependent on the intended use of the TF-antibody conjugate. For example, where the TF im- 
munoconjugates are contemplated for use in addition to the TF molecules alone, the type of tumor should be considered, 
e.g., whether it is preferable to target the tumor cells, or more preferably, the tumor vasculature or tumor stroma. Where 
theTF immunoconjugates are themselves the primary therapeutic agents, the immunoconjugates will not in any sense 
be a "targeted immunoconjugate". In these aspects, the conjugation of the TF molecule to an antibody or portion thereof 
is simply performed in order to generate a construct that has improved half-life and/or bioavailability in comparison to 
the original TF molecule. In any event, certain advantages may be achieved through the application of particular types 
of antibodies. For example, while IgG based antibodies may be expected to exhibit better binding capability and slower 
blood clearance than their Fab' counterparts, Fab' fragment-based compositions will generally exhibit better tissue 
penetrating capability. 

(a) Monoclonal Antibodies 

25 

[0405] Means for preparing and characterizing antibodies are well known in the art (See, e.g., Antibodies: A Labo- 
ratory Manual, Cold Spring Harbor Laboratory, 1988). 

[0406] The methods for generating monoclonal antibodies (MAbs) generally begin along the same lines as those for 
preparing polyclonal antibodies. Briefly, a polyclonal antibody is prepared by immunizing an animal with an immuno- 

30 genie composition in accordance with the present invention, either with or without prior immunotolerizing, depending 
on the antigen composition and protocol being employed (e.g., tolerizing to a normal cell population and then immu- 
nizing with a tumor cell population), and collecting antisera from that immunized animal. A wide range of animal species 
can be used for the production of antisera. Typically the animal used for production of anti-antisera is a rabbit, a mouse, 
a rat, a hamster, a guinea pig or a goat. Because of the relatively large blood volume of rabbits, a rabbit is a preferred 

35 choice for production of polyclonal antibodies. 

[0407] As is well known in the art, a given composition may vary in its immunogenicity. It is often necessary therefore 
to boost the host immune system, as may be achieved by coupling a peptide or polypeptide immunogen to a carrier. 
Exemplary and preferred carriers are keyhole limpet hemocyanin (KLH) and bovine serum albumin (BSA). Other al- 
bumins such as ovalbumin, mouse serum albumin or rabbit serum albumin can also be used as carriers. Means for 

40 conjugating a polypeptide to a carrier protein are well known in the art and include glutaraldehyde, m-maleimidoben- 
coyl-N-hydroxysuccinimide ester, carbodiimyde and bis-biazotized benzidine. 

[0408] As is also well known in the art, the immunogenicity of a particular immunogen composition can be enhanced 
by the use of non-specific stimulators of the immune response, known as adjuvants. Exemplary and preferred adjuvants 
include complete Freund's adjuvant (a non-specific stimulator of the immune response containing killed Mycobacterium 

45 tuberculosis), incomplete Freund's adjuvants and aluminum hydroxide adjuvant. 

[0409] The amount of immunogen composition used in the production of polyclonal antibodies varies upon the nature 
of the immunogen as well as the animal used for immunization. A variety of routes can be used to administer the 
immunogen (subcutaneous, intramuscular, intradermal, intravenous and intraperitoneal). The production of polyclonal 
antibodies may be monitored by sampling blood of the immunized animal at various points following immunization. A 

50 second, booster injection, may also be given. The process of boosting and titering is repeated until a suitable titer is 
achieved. When a desired titer level is obtained, the immunized animal can be bled and the serum isolated and stored, 
and/or the animal can be used to generate MAbs. 

[041 0] MAbs may be readily prepared through use of well-known techniques, such as those exemplified in US. Patent 
4,196,265. Typically, this technique involves immunizing a suitable animal with a selected immunogen composition, e. 
55 p., a purified or partially purified tumor cell or vascular endothelial cell protein, polypeptide, peptide, or intact cell com- 
position. The immunizing composition is administered in a manner effective to stimulate antibody producing cells. 
Rodents such as mice and rats are preferred animals, however, the use of rabbit, sheep frog cells is also possible. 
The use of rats may provide certain advantages (Goding, 1986, pp. 60-61), but mice are preferred, with the BALB/c 
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mouse being most preferred as this is most routinely used and generally gives a higher percentage of stable fusions. 
[041 1] Following immunization, somatic cells with the potential for producing antibodies, specifically B lymphocytes 
(B cells), are selected for use in the MAb generating protocol. These cells may be obtained from biopsied spleens, 
tonsils or lymph nodes, or from a peripheral blood sample. Spleen cells and peripheral blood cells are preferred, the 
5 former because they are a rich source of antibody-producing cells that are in the dividing plasmablast stage, and the 
latterbecause peripheral blood is easily accessible. Often, a panel of animals will have been immunized and the spleen 
of animal with the highest antibody titer will be removed and the spleen lymphocytes obtained by homogenizing the 
spleen with a syringe. Typically, a spleen from an immunized mouse contains approximately 5 X 10 7 to 2 X 10 8 lym- 
phocytes. 

io [0412] The antibody-producing B lymphocytes from the immunized animal are then fused with cells of an immortal 
myeloma cell, generally one of the same species as the animal that was immunized. Myeloma cell lines suited for use 
in hybridoma-producing fusion procedures preferably are non-antibody-producing, have high fusion efficiency, and 
enzyme deficiencies that render then incapable of growing in certain selective media which support the growth of only 
the desired fused cells (hybridomas). 

f 5 [0413] Any one of a number of myeloma cells may be used, as are known to those of skill in the art (Goding, pp. 
65-66, 1986; Campbell, pp. 75-83, 1984). For example, where the immunized animal is a mouse, one may use 
P3-X63/Ag8, X63-Ag8.653, NS1/1 .Ag 4 1 , Sp21 0-Ag14, FO, NSO/U, MPC-11 , MPC11-X45-GTG 1 .7 and S194/5XX0 
Bui; for rats, one may use R21 0.RCY3, Y3-Ag 1 .2.3, IR983F, 4B21 0 or one of the above listed mouse cell lines; and 
U-266, GM1500-GRG2, LICR-LON-HMy2 and UC729-6, are all useful in connection with human cell fusions. 

20 [0414] Methods for generating hybrids of antibody-producing spleen or lymph node cells and myeloma cells usually 
comprise mixing somatic cells with myeloma cells in a 4:1 proportion, though the proportion may vary from about 20: 
1 to about 1:1, respectively, in the presence of an agent or agents (chemical or electrical) that promote the fusion of 
cell membranes. Fusion methods using Sendai virus have been described by Kohler and Milstein (1975; 1976), and 
those using polyethylene glycol (PEG), such as 37% (v/v) PEG, by Gefter etal. (1 977). The use of electrically induced 

25 fusion methods is also appropriate (Goding pp. 71-74, 1986). 

[0415] Fusion procedures usually produce viable hybrids at low frequencies, about 1 X 10' 6 to 1 X 10' 8 . However, 
this does not pose a problem, as the viable, fused hybrids are differentiated from the parental, unfused cells (particularly 
the unfused myeloma cells that would normally continue to divide indefinitely) by culturing in a selective medium. The 
selective medium is generally one that contains an agent that blocks the de novo synthesis of nucleotides in the tissue 

30 culture media. Exemplary and preferred agents are aminopterin, methotrexate, and azaserine. Aminopterin and meth- 
otrexate block de novo synthesis of both purines and pyrimidines, whereas azaserine blocks only purine synthesis. 
Where aminopterin or methotrexate is used, the media is supplemented with hypoxanthine and thymidine as a source 
of nucleotides (HAT medium). Where azaserine is used, the media is supplemented with hypoxanthine. 
[0416] The preferred selection medium is HAT. Only cells capable of operating nucleotide salvage pathways are able 

35 to survive in HAT medium. The myeloma cells are defective in key enzymes of the salvage pathway, e.g., hypoxanthine 
phosphoribosyl transferase (HPRT), and they cannot survive. The B cells can operate this pathway, but they have a 
limited life span in culture and generally die within about two weeks. Therefore, the only cells that can survive in the 
selective media are those hybrids formed from myeloma and B cells. 

[0417] This culturing'provides a population of hybridomas from which specific hybridomas are selected. Typically, 
40 selection of hybridomas is performed by culturing the cells by single-clone dilution in microtiter plates, followed by 
testing the individual clonal supernatants (after about two to three weeks) for the desired reactivity. The assay should 
be sensitive, simple and rapid, such as radioimmunoassays, enzyme immunoassays, cytotoxicity assays, plaque as- 
says, dot immunobinding assays, and the like. 

[0418] The selected hybridomas would then be serially diluted and cloned into individual antibody-producing cell 
45 lines, which clones can then be propagated indefinitely to provide MAbs. The cell lines may be exploited for MAb 
production in two basic ways. A sample of the hybridoma can be injected (often into the peritoneal cavity) into a his- 
tocompatible animal of the type that was used to provide the somatic and myeloma cells for the original fusion. The 
injected animal develops tumors secreting the specific monoclonal antibody produced by the fused cell hybrid. The 
body fluids of the animal, such as serum or ascites fluid, can then be tapped to provide MAbs in high concentration. 
so The individual cell lines could also be cultured in vitro, where the MAbs are naturally secreted into the culture medium 
from which they can be readily obtained in high concentrations. MAbs produced by either means may be further purified, 
if desired, using filtration, centrifugation and various chromatographic methods such as HPLC or affinity chromatog- 
raphy. 

[0419] The inventors also contemplate the use of a molecular cloning approach to generate monoclonals. For this, 
55 combinatorial immunoglobulin phagemid libraries are prepared from RNA isolated from the spleen of the immunized 
animal, and phagemids expressing appropriate antibodies are selected by panning using cells expressing the antigen 
and control cells e.g., normal-versus-tumor cells. The advantages of this approach over conventional hybridoma tech- 
niques are that approximately 1 0 4 times as many antibodies can be produced and screened in a single round, and that 
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new specificities are generated by H and L chain combination which further increases the chance of finding appropriate 
antibodies. 

[0420] Where MAbs are employed in the present invention, they may be of human, murine, monkey, rat, hamster, 
chicken or even rabbit origin. The invention contemplates the use of human antibodies, "humanized" or chimeric an- 
5 tibodies from mouse, rat, or other species, bearing human constant and/or variable region domains, and other recom- 
binant antibodies and fragments thereof. Of course, due to the ease of preparation and ready availability of reagents, 
murine monoclonal antibodies will typically be preferred. 

(b) Functional Antibody Binding Regions 

10 

Fab 

[0421] Fab fragments can be obtained by proteolysis of the whole immunoglobulin by the non-specific thiol protease, 
papain. Papain must first be activated by reducing the sulphydryl group in the active site with cysteine, 2-mercaptoeth- 
15 anol or dithiothreitol. Heavy metals in the stock enzyme should be removed by chelation with EDTA (2 mM) to ensure 
maximum enzyme activity. Enzyme and substrate are normally mixed together in the ratio of 1 :100 by weight. After 
incubation, the reaction can be stopped by irreversible alkylation of the thiol group with iodoacetamide or simply by 
dialysis. The completeness of the digestion should be monitored by SDS-PAGE and the various fractions separated 
by protein A-Sepharose or ion exchange chromatography. 

20 

F(ab') 2 

[0422] The usual procedure for preparation of F(ab') 2 fragments from IgG of rabbit and human origin is limited pro- 
teolysis by the enzyme pepsin (Protocol 7.3.2). The conditions, 1 0Ox antibody excess w/w in acetate buffer at pH 4.5, 
25 37°C, suggest that antibody is cleaved at the C-terminal side of the inter- heavy -chain disulfide bond. Rates of digestion 
of mouse IgG may vary with subclass and it may be difficult to obtain high yields of active F(ab') 2 fragments without 
some undigested or completely degraded IgG. In particular, lgG 2b is highly susceptible to complete degradation. The 
other subclasses require different incubation conditions to produce optimal results. 

[0423] Digestion of rat IgG by pepsin requires conditions including dialysis in 0.1 M acetate buffer, pH 4.5, and then 
30 incubation for four hours with 1% w/w pepsin; lgG 1 and lgG 2a digestion is improved if first dialyzed against 0.1 M 
formate buffer, pH 2.8, at 4°C, for 16 hours followed by acetate buffer. lgG 2b gives more consistent results with incu- 
bation in staphylococcal V8 protease (3% w/w) in 0.1 M sodium phosphate buffer, pH 7.8, for four hours at 37°C. 

iv. Second generation TF immunoconjugates 

35 

[0424] The inventors contemplate that the Fc portion of the immunoglobulin in the tTF-immunoglobulin construct 
employed in the advantageous studies disclosed herein may actually be the relevant portion of the antibody molecule, 
resulting in increased in vivo half-life. It is reasonable to presume that the conjugation to the Fc region results in active 
readsorption of a TF-Fc conjugate within the kidney, restoring the conjugate to the systemic circulation. As such, one 
40 may conjugate any of the coagulation-deficient TF constructs or variants of the invention to an Fc region in order to 
increase the in vivo half-life of the resultant conjugate. 

[0425] Various methods are available for producing Fc regions in sufficient purity to enable their conjugation to the 
TF constructs. By way of example only, the chemical cleavage of antibodies to provide the defined domains or portions 
is well known and easily practiced, and recombinant technology can also be employed to prepare either substantial 
45 quantities of Fc regions or, indeed, to prepare the entire TF-Fc conjugate following generation of a recombinant vector 
that expresses the desired fusion protein. 

[0426] Further manipulations of the general immunoglobulin structure may also be conducted with a view to providing 
second generation TF constructs with increased half-life. By way of example only, one may consider replacing the C H 3 
domain of an IgG molecule with a truncated Tissue Factor or variant thereof. In general, the most effective mechanism 
50 for producing such a hybrid molecule will be to use molecular cloning techniques and recombinant expression. All such 
techniques are generally known to those of ordinary skill in the art, and are further described in detail herein. 

F3. Linkage Means 

55 [0427] The compositions above may be linked to the Tissue Factor compositions in any operative manner that allows 
each region to perform its intended function without significant impairment of the Tissue Factor functions. Thus, the 
linking components will be capable prolonging the half life of the construct, and the Tissue Factor is capable of promoting 
blood coagulation or clotting. 
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/. Biochemical Cross-linkers 

[0428] The joining of any of the above components, to a Tissue Factor composition will generally employ the same 
technology as developed for the preparation of immunotoxins. It can be considered as a general guideline that any 
5 biochemical cross-linker that is appropriate for use in an immunotoxin will also be of use in the present context, and 
additional linkers may also be considered. 

[0429] Cross-linking reagents are used to form molecular bridges that tie together functional groups of two different 
molecules, e.g., a stabilizing and coagulating agent. To link two different proteins in a step-wise manner, hetero-bifunc- 
tional cross-linkers can be used that eliminate unwanted homopolymer formation. 



TABLE IV 





HETERO-BIFUNCTIONAL CROSS-LINKERS 


15 


linker 


Reactive Toward 


Advantages and Applications 


Spacer Arm LengthXafter 
cross-linking 




SMPT 


Primary amines 
Sulfhydryls 


x Greater stability 


11.2A 


20 


SPDP 


Primary amines 
Sulfhydryls 


x Thiolation 

x Cleavable cross-linking 


6.8 A 




LC-SPDP 


Primary amines 
Sulfhydryls 


x Extended spacer arm 


15.6 A 


25 


Sulfo-LC-SPDP 


Primary amines 
Sulfhydryls 


x Extended spacer arm 
x Water-soluble 


15.6 A 


30 


SMCC 


Primary amines 
Sulfhydryls 


x Stable maleimide reactive 
arouo 

x Enzyme-antibody 
conjugation 

x Hapten-carrier protein 
conjugation 


11.6A 


35 


Sulfo-SMCC 


Primary amines 
Sulfhydryls 


x Stable maleimide reactive 
group 

x Water-soluble 

a diz.yi i its en iiiuuuy 

conjugation 


11.6A 


40 


MBS 


Primary amines 
Sulfhydryls 


x Enzyme-antibody 
conjugation 

x Hapten-carrier protein 
conjugation 


9.9 A 




Sulfo-MBS 


Primary amines 
Sulfhydryls 


x Water-soluble 


9.9 A 


45 


SIAB 


Primary amines 
Sulfhydryls 


x Enzyme-antibody 
conjugation 


10.6 A 




Sulfo-SIAB 


Primary amines 
Sulfhydryls 


x Water-soluble 


10.6 A 


50 


SMPB 


Primary amines 
Sulfhydryls 


x Extended spacer arm 
x Enzyme-antibody 
conjugation 


14.5 A 




Sulfo-SMPB 


Primary amines 
Sulfhydryls 


x Extended spacer arm 
x Water-soluble 


14.5 A 


55 


EDC/Sulfo-NHS 


Primary amines 
Carboxyl groups 


x Hapten-Carrier conjugation 


0 
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TABLE IV (continued) 



HETERO-BIFUNCTIONAL CROSS-LINKERS 


linker 


Reactive Toward 


Advantages and Applications 


Spacer Arm Length\after 
cross-linking 


ABH 


Carbohydrates 
Nonselective 


x Reacts with sugar groups 


11.9A 



to [0430] An exemplary hetero-bifunctional cross-linker contains two reactive groups: one reacting with primary amine 
group (e.g., N-hydroxy succinimide) and the other reacting with a thiol group (e.g., pyridyl disulfide, maleimides, hal- 
ogens, etc.). Through the primary amine reactive group, the cross-linker may react with the lysine residue(s) of one 
protein (e.g., the selected antibody or fragment) and through the thiol reactive group, the cross-linker, already tied up 
to the first protein, reacts with the cysteine residue (free sulfhydryl group) of the other protein (e.g., the coagulant). 

15 [0431] It can therefore be seen that the preferred Tissue Factor composition will generally have, or be derivatized 
to have, a functional group available for cross-linking purposes. This requirement is not considered to be limiting in 
that a wide variety of groups can be used in this manner. For example, primary or secondary amine groups, hydrazide 
or hydrazine groups, carboxyl alcohol, phosphate, or alkylating groups may be used for binding or cross-linking. For 
a general overview of linking technology, one may wish to refer to Ghose and Blair (1 987). 

20 [0432] The spacer arm between the two reactive groups of a cross-linkers may have various length and chemical 
compositions. A longer spacer arm allows a better flexibility of the conjugate components while some particular com- 
ponents in the bridge (e.g., benzene group) may lend extra stability to the reactive group or an increased resistance 
of the chemical link to the action of various aspects (e.g., disulfide bond resistant to reducing agents). The use of 
peptide spacers, such as L-Leu-L-Ala-L-Leu-L-Ala, is also contemplated. 

25 [0433] It is preferred that a cross-linker having reasonable stability in blood will be employed. Numerous types of 
disulfide-bond containing linkers are known that can be successfully employed to conjugate targeting and coagulating 
agents. Linkers that contain a disulfide bond that is sterically hindered may prove to give greater stability in vivo, 
preventing release of the Tissue Factor prior to binding at the site of action. These linkers are thus one preferred group 
of linking agents. 

30 [0434] One of the most preferred cross-linking reagents for use in immunotoxins is SMPT, which is a Afunctional 
cross-linker containing a disulfide bond that is "sterically hindered" by an adjacent benzene ring and methyl groups. It 
is believed that steric hindrance of the disulfide bond serves a function of protecting the bond from attack by thiolate 
anions such as glutathione which can be present in tissues and blood, and thereby help in preventing decoupling of 
the conjugate prior to the delivery of the attached agent to the tumor site. It is contemplated that the SMPT agent may 

35 also be used in connection with the bispecific coagulating ligands of this invention. 

[0435] The SMPT cross-linking reagent, as with many other known cross-linking reagents, lends the ability to cross- 
link functional groups such as the SH of cysteine or primary amines (e.g., the epsilon amino group of lysine). Another 
possible type of cross-linker includes the hetero-bifunctional photoreactive phenylazides containing a cleavable di- 
sulfide bond such as sulfosuccinimidyl-2-(p-azido salicylamido) ethyl-1 ,3'-dithiopropionate. The N-hydroxy-succinimi- 

40 dyl group reacts with primary amino groups and the phenylazide (upon photolysis) reacts non-selectively with any 
amino acid residue. 

[0436] In addition to hindered cross-linkers, non-hindered linkers can also be employed in accordance herewith. 
Other useful cross- 1 inkers, not considered to contain or generate a protected disulfide, include SATA, SPDP and 2-im- 
inothiolane (Wawrzynczak and Thorpe, 1987). The use of such cross-linkers is well understood in the art. 
45 [0437] Once conjugated, the tTF will generally be purified to separate the conjugate from unconjugated targeting 
agents or coagulants and from other contaminants. A large a number of purification techniques are available for use 
in providing conjugates of a sufficient degree of purity to render them clinically useful. Purification methods based upon 
size separation, such as gel filtration, gel permeation or high performance liquid chromatography, will generally be of 
most use. Other chromatographic techniques, such as Blue-Sepharose separation, may also be used. 

50 

//. Recombinant Fusion Proteins 

[0438] The tTF compositions of the invention may also be fusion proteins prepared by molecular biological tech- 
niques. The use of recombinant DNA techniques to achieve such ends is now standard practice to those of skill in the 
55 art. These methods include, for example, in vitro recombinant DNA techniques, synthetic techniques and in vivo re- 
combination/genetic recombination. DNA and RNA synthesis may, additionally, be performed using an automated syn- 
thesizers (see, for example, the techniques described in Sambrook era/., 1989; and Ausubel etal., 1989). 
[0439] The preparation of such a fusion protein generally entails the preparation of a first and second DNA coding 



62 



EP 0 988 056 B1 



region and the functional ligation or joining of said regions, in frame, to prepare a single coding region that encodes 
the desired fusion protein. In the present context, the tTF orTF mutant DNA sequence will generally be joined in frame 
with a DNA sequence encoding an inert protein carrier, immunoglobulin, Fc region, or such like. It is not generally 
believed to be particularly relevant whether the TF portion of the fusion protein or the inert portion is prepared as the 

5 N-terminal region or as the C-terminal region. In connection with the second generation TF immunoglobulin molecules, 
the TF coding sequences may further be inserted within the immunoglobulin coding regions, such that the TF sequences 
functionally interrupt the immunoglobulin sequences and the encoded protein may be considered a "tribrid". 
[0440] Once the coding region desired has been produced, an expression vector is created. Expression vectors 
contain one or more promoters- upstream of the inserted DNA regions that act to promote transcription of the DNA and 

10 to thus promote expression of the encoded recombinant protein. This is the meaning of "recombinant expression" and 
has been discussed elsewhere in the specification. 

F4. Assays 

15 [0441] As with other aspects of the present invention, once a candidate TF construct has been generated with the 
intention of providing a construct with increased in vivo half-life, the construct should generally be tested to ensure that 
the desired properties have been imparted to the resultant compound. The various assays for use in determining such 
changes in function are routine and easily practiced by those of ordinary skill in the art. 

[0442] In TF conjugates designed simply in order to increase their size, confirmation of increased size is completely 

20 routine. For example, one will simply separate the candidate composition using any methodology that is designed to 
separate biological components on the basis of size and one will analyze the separated products in order to determine 
that a TF construct of increased size has been generated. By way of example only, one may mention separation gels 
and separation columns, such as gel filtration columns. The use of gel filtration columns in the separation of mixtures 
* of conjugated and non-conjugated components may also be useful in other aspects of the present invention, such as 

25 in the generation of relatively high levels of conjugates, immunotoxins or coaguligands. 

[0443] As the objective of the present class of conjugates is to provide a coagulation-deficient TF molecule having 
an increased in vivo half-life, the candidate TF modified variants or conjugates should generally be tested in order to 
confirm that this property is present. Again, such assays are routine in the art. A first simple assay would be to determine 
the half-life of the candidate modified or conjugated TF in an in vitro assay. Such assays generally comprise mixing 

30 the candidate molecule in sera and determining whether or not the molecule persists in a relatively intact form for a 
longer period of time, as compared to the initial sample of coagulation-deficient Tissue Factor. One would again sample 
aliquots from the admixture and determine their size, and preferably, their biological function. 
[0444] In vivo assays of biological half-life or "clearance" can also be easily conducted. In these systems, it is gen- 
erally preferred to label the test candidate TF constructs with a detectable marker and to follow the presence of the 

35 marker after administration to the animal, preferably wathe route intended in the ultimate therapeutic treatment strategy. 
As part of this process, one would take samples of body fluids, particularly serum and/or urine samples, and one would 
analyze the samples for the presence of the marker associated with the TF construct, which will indicate the longevity 
of the construct in the natural environment in the body. 

[0445] Any one or more or a combination of the TF molecules with increased half-life may thus be used in conjunction 
40 with the therapeutic methods disclosed herein. The doses proposed for administration will generally be between about 
not 0.2 mg and about 200 mg per patient, as with the original TF constructs described above. However, in that these 
TF molecules have been modified, it is possible that the effective doses may be even lower, such as on the order of 
about not 0.1 mg. It is more likely that the therapeutic treatment regimens will be altered when using the increased 
half-life TFs in the number of times that the pharmaceuticals are administered, rather than in alteration of the given 
45 doses. For example, where an original TF construct is proposed for use on days 1 , 3 and 7 within the treatment period, 
the counterpart improved TF with longer half-life may rather be administered only on day 1 and day 7. In any event, 
all such optimizations in terms of doses and times for administration will be easily determined by those of ordinary skill 
in the art. 

50 G. TF and Factor Vila Combinations 

[0446] The inventors have further demonstrated that coagulation-inducing activity of tTF bound to A20 cells was 
markedly enhanced in the presence of Factor Vila. In common with earlier studies, these in vitro results also translated 
to the in vivo environment. Studies are presented herein to demonstrate that the anti-tumor activity of various coagu- 
55 lation-deficient TF constructs is enhanced upon co-administration with Factor Vila. Even using an experimental animal 
model of the HT29 tumor, which is notoriously difficult to coagulate, the co-administration of coagulation-deficient TF 
constructs and exogenous Factor Vila resulted in considerable necrosis of the tumor tissue. 

[0447] This data can be explained as tTF binds Factor VII but does not efficiently mediate its activation to Factor 



63 



EP 0 988 056 B1 



Vila by Xa and adjacent Factor Vila molecules. Providing a source of preformed (exogenous) Factor Vila overcomes 
this block, enabling more efficient coagulation. The success of the combined coagulation -deficient TF and Factor Vila 
treatment is generally based upon the surprising localization of the TF construct within the vasculature of the tumor. 
Absent such surprising localization and specific functional effects, the co-administration of Factor Vila would not be 

5 meaningful in the context of tumor treatment, and may even be harmful as it may promote unwanted thrombosis in 
various healthy tissues. The combined use of tTF and Factor Vila in a non-targeted manner has previously been 
proposed in connection with the treatment of hemophiliacs and patients with other bleeding disorders, in which there 
is a fundamental impairment of the coagulation cascade. In the present invention, the coagulation cascade is generally 
fully operative, and the therapeutic intervention concentrates this activity within a defined region of the body. 

10 [0448] It is therefore a further object to increase the anti-tumor effects of any one of the TF constructs of the invention 
by combining the use of TF with the additional administration of Factor Vila. As tTF binds to tumor vascular endothelium, 
it is possible to inject tTF into tumor-bearing animals, wait a period of time for excess tTF to be cleared, and then inject 
Factor VI la to magnify the thrombotic action of the tTF within tumor vessels. I n this manner, the tTF or other coagulation- 
deficient TF construct can be seen to form a reservoir within the tumor, allowing the subsequent administration of 

*5 Factor Vila to increase and perpetuate the anti-tumor effect. 

[0449] A further observation of the present invention is that the thrombotic activity of the Factor VII activation mutants 
of tTF (G164A) and tTF (W158R) was largely restored by Factor Vila. These mutations lie within a region of tTF that 
is important for the conversion of Factor VII to Factor Vila. As with tTF itself, the studies herein show that adding 
preformed Factor Vila overcomes this block in coagulation complex formation. The present disclosure exploits these 

20 and the aforementioned observations with a view to providing in vivo therapy of cancer. 

[0450] Indeed, the studies presented herein confirm that the co-administration of a Factor VII activation mutant variant 
of TF with preformed Factor Vila results in considerable necrotic damage to the tumors, even in small tumor models 
which are not the most amenable to treatment with the present invention. This aspect of the invention is particularly 
surprising as it was not previously believed that such mutants would have any therapeutic utility in any embodiments 

25 other than, perhaps, in the competitive inhibition of TF as may be used to inhibit or reduce coagulation. Apart from 
such hypotheses, the generation of such mutants has been motivated by scientific interest and they could perhaps be 
used as controls in certain in vitro studies. Only the studies of the present inventors render such mutants clinically 
useful, either in the context of targeted delivery (WO 96/01 653), or in the even more surprising combined uses of the 
present invention. 

30 [0451] In particular embodiments, this application therefore first involves injecting tTF (G164A), tTF (W158R) or an 
equivalent thereof into tumor bearing animals. The tTF mutant is then allowed to localize to tumor vessels and the 
residue is cleared. This is then followed by the injection of Factor Vila, which allows the localized tTF mutants to express 
thrombotic activity. This strategy offers the advantage that it is very safe. The tTF mutants are practically non-toxic, as 
is Factor Vila itself. Thus, administering the tTF mutant followed by Factor VI la will be harmless to the host, yet efficiently 

35 induce thrombosis of tumor vessels. 

G1. Factor Vila 

[0452] Factor VII can be prepared as described by Fair (1983), and as shown in U. S. Patents 5,374,617, 5,504,064 
40 and 5,504,067. The coding portion of the human Factor VII cDN A sequence was reported by Hagen era/., (1986). The 
amino acid sequence from 1 to 60 corresponds to the p re-pro/leader sequence that is removed by the cell prior to 
secretion. The mature Factor VII polypeptide chain consists of amino acids 61 to 466. Factor VII is converted to its 
active form, Factor Vila, by cleavage of a single peptide bond between arginine-212 and isoleucine-213. 
[0453] Factor VII can be converted in vitro to Factor Vila by incubation of the purified protein with Factor Xa immo- 
45 bilized on Affi-Gel™ 15 beads (Bio-Rad). Conversion can be monitored by SDS-polyacrylamide gel electrophoresis of 
reduced samples. Free Factor Xa in the Factor Vila preparation can be detected with the chromogenic substrate meth- 
oxycarbonyl-D-cyclohexylglycyl-glycyl-arginine-p-nitroanilide acetate (Spectrozyme™ Factor Xa, American Diagnos- 
tica, Greenwich, CT) at 0.2 mM final concentration in the presence of 50 mM EDTA. 
[0454] Recombinant Factor Vila can also be purchased from Novo Biolabs (Danbury, CT). 

50 

G2. Treatment 

[0455] The use of Factor Vila in connection with the present invention is not confined to its ability to significantly 
improve the utility of the Factor VII activation mutants disclosed herein. It is equally contemplated that Factor Vila will 
55 be used in conjunction with the coagulation-deficient Tissue Factor molecules of equivalent activity to the truncated 
tTF first employed. In such treatment embodiments, the dose of the TF construct will generally be between about not 
0.2 mg and about 200 mg per patient. The appropriate doses of Factor Vila can best be determined in light of this 
information. 
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[0456] For example, it may be desired to create a 1 :1 ratio of the TF construct and Factor Vila in a precomplex and 
to administer the precomplexed composition to the animal. Should this be desired, one would generally admix an 
amount of TF and an amount of Factor Vila sufficient to allow the formation of an equimolar complex. To achieve this, 
it may be preferable to use a 2-3 molar excess of Factor Vila in order to ensure that each of the TF molecules are 
5 adequately complexed. One would then simply separate the uncomplexed TF and Factor Vila from the complexed 
mixture using any suitable technique, such as gel filtration. After formation of the TF:Vlla complex, one may simply 
administer the complex to a patient in need of treatment in a dose of between about not 0.2 mg and about 200 mg per 
patient. 

[0457] As stated above, it may generally be preferred to administer the coagulation-deficient TF construct to a patient 
10 in advance, allowing the TF sufficient time to localize specifically within the tumor. Following such preadministration, 
one would then design an appropriate dose of Factor Vila sufficient to coordinate and complex with the TF localized 
within the tumor vasculature. Again, one may design the dose of Factor Vila in order to allow a 1 :1 molar ratio of TF 
and Factor Vila to form in the tumor environment. Given the differences in molecular weight of these two molecules, 
it will be seen that it would be advisableto add approximately twice the amount in milligrams of Factor Vila in comparison 
is to the milligrams of TF 

[0458] However, the foregoing analysis is merely exemplary, and any doses of Factor Vila that generally result in an 
improvement in coagulation would evidently be of clinical significance. In this regard, it is notable that the studies 
presented herein in fact use a 1 6:1 excess of TF in comparison to Factor Vila, which is generally about a 32-fold molar 
excess of theTF construct. Nevertheless, impressive coagulation and necrosis was specifically observed in the tumor. 

20 Therefore, it will be evident that the effective doses of Factor Vila are quite broad. By way of example only, one may 
consider administering to a patient a dose of Factor Vila between about 0.01 mg and about 500 mg per patient. 
[0459] Each of the foregoing analyses may be equally applied to the use of Tissue Factor constructs that have been 
mutated to impair their ability to activate Factor VII. Given that the foregoing calculations are based upon a ratio of 
binding, it is not believed to be necessary to use particularly increased levels of Factor Vila in combination with the 

25 activation mutants described. However, given that the administration of Factor Vila is not believed to be particularly 
harmful in itself, the potential for using increased doses of Factor Vila is certainly evident. 

[0460] Although the detailed guidance provided above is believed to be sufficient to enable one of ordinary skill in 
the art how to practice these aspects of the invention, one may also refer to other quantitative analyses to assist in the 
optimization of theTF and Factor Vila doses for administration. Byway of example only, U.S. Patent Nos. 5,374,617; 

30 5,504,064; and 5,504,067, describe a range of therapeutically active doses and plasma levels of Factor Vila. 

[0461] Morrissey and Comp have reported that, in the context of bleeding disorders, the coagulation-deficient Tissue 
Factor may be administered in a dosage effective to produce in the plasma an effective level of between 100 ng/ml 
and 50 jig/ml, or a preferred level of between 1 p,g/ml and 1 0 ng/ml or 60 to 600 uxj/kg body weight, when administered 
systemically; or an effective level of between 1 0 uxj/ml and 50 u.g/ml, or a preferred level of between 10 \ig/m\ and 50 

35 u,g/ml, when administered topically (U. S. Patent 5, 504, 064). 

[0462] The Factor Vila is administered in a dosage effective to produce in the plasma an effective level of between 
20 ng/ml and 10 ng/ml, (1 .2 to 600 ng/kg), or a preferred level of between 40 ng/ml and 700 ux|/ml (2.4 to 240 u.g/kg), 
or a level of between 1 \ig Factor Vila/ml and 10 jig Factor Vila/ml when administered topically. 
[0463] In general, one would administer coagulation-deficient Tissue Factor and Factor VI I activator to produce levels 

40 of up to 10 u.g coagulation-deficient Tissue Factor/ml plasma and between 40 ng and 700 jxg Factor Vila/ml plasma. 
While these studies were performed in the context of bleeding disorders, they have also relevance in the context of 
the present invention, in that levels must be effective but appropriately monitored to avoid systemic toxicity due to 
elevated levels of coagulation-deficient Tissue Factor and activated Factor Vila. Therefore, the Factor VII activator is 
administered in a dosage effective to produce in the plasma an effective level of Factor Vila, as defined above. 

45 

G3. Factor Vil Activators 

[0464] As described in U.S. Patent No. 5,504,064, activators of endogenous Factor VII may also be administered in 
place of Factor Vila itself. As described in the foregoing patent, Factor Vila can also be formed in vivo, shortly before, 
50 at the time of, or preferably slightly after the administration of the coagulation-deficient Tissue Factors. In such em- 
bodiments, endogenous Factor VII is converted into Factor Vila by infusion of an activator of Factor Vila, such as 
Factor Xa (FXa) in combination with phospholipid (PCPS). 

[0465] Activators of Factor VII in vivo include Factor Xa/PCPS, Factor IXa/PCPS, thrombin, Factor Xlla, and the 
Factor VII activator from the venom of Oxyuranus scutellatus in combination with PCPS. These have been shown to 
55 activate Factor VII to Factor Vila in vitro. Activation of Factor VII to Factor Vila for Xa/PCPS in vivo has also been 
measured directly. In general, the Factor VII activator is administered in a dosage between 1 and 10 u.g/ml of carrier 
(U. S. Patent 5,504,064). 

[0466] The phospholipid can be provided in a number of forms such as phosphatidyl choline/phosphatidyl serine 
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vesicles (PCPS). The PCPS vesicle preparations and the method of administration of Xa/PCPS is described in Giles 
et a/., (1988), the teachings of which are specifically incorporated herein. Other phospholipid preparations can be 
substituted for PCPS, so long as they accelerate the activation of Factor VII by Factor Xa. Effectiveness, and therefore 
determination of optimal composition and dose, can be monitored as described below. 

5 [0467] A highly effective dose of Xa/PCPS, which elevates Factor Vila levels in vivo in the chimpanzee, has been 
reported to be 26 pmoles FXa + 40 pmoles PCPS per kg body weight. That dose yielded an eighteen fold increase in 
endogenous levels of Factor Vila (to 146 ng/ml). A marginally detectable effect was observed using a smaller dose in 
dogs, where the infusion of 12 pmoles Factor Xa + 19 pmoles PCPS per kg body weight yielded a three fold increase 
in endogenous Factor Vila levels. Accordingly, doses of Factor Xa that are at least 12 pmoles Factor Xa per kg body 

10 weight, and preferably 26 pmoles Factor Xa per kg body weight, should be useful. Doses of PCPS that are at least 1 9 
pmoles PCPS per kg body weight, and preferably 40 pmoles PCPS per kg body weight, are similarly useful (U. S. 
Patent 5,504,064). 

[0468] The effectiveness of any infusible Factor VII activator can be monitored, following intravenous administration, 
by drawing citrated blood samples at varying times (at 2, 5, 10, 20, 30, 60, 90 and 120 min.) following a bolus infusion 

15 of the activator, and preparing platelet-poor plasma from the blood samples. The amount of endogenous Factor Vila 
can then be measured in the citrated plasma samples by performing a coagulation-deficient Tissue Factor-based Factor 
Vila clotting assay. Desired levels of endogenous Factor Vila would be the same as the target levels of plasma Factor 
Vila indicated for co-infusion of purified Factor VII and coagulation-deficient Tissue Factor. Therefore, other activators 
of Factor VII could be tested in vivo for generation of Factor Vila, without undue experimentation, and the dose adjusted 

20 to generate the desirable levels of Factor Vila, using the coagulation-deficient Tissue Factor-based Factor Vila assay 
of plasma samples. The proper dose of the Factor VII activator (yielding the desired level of endogenous Factor Vila) 
can then be used in combination with the recommended amounts of coagulation-deficient Tissue Factor. 
[0469] Doses can be timed to provide prolong elevation in Factor Vila levels. Preferably doses would be administered 
until the desired anti-tumor effect is achieved, and then repeated as needed to control bleeding. The half-life of Factor 

25 Vila in vivo has been reported to be approximately two hours, although this could vary with different therapeutic mo- 
dalities and individual patients. Therefore, the half-life of Factor Vila in the plasma in a given treatment modality should 
be determined with the coagulation-deficient Tissue Factor-based clotting assay. 

H. Examples 

30 

[0470] The following examples are included to demonstrate preferred embodiments of the invention. It should be 
appreciated by those of skill in the art that the techniques disclosed in the examples which follow represent techniques 
discovered by the inventor to function well in the practice of the invention, and thus can be considered to constitute 
preferred modes for its practice. 

35 

EXAMPLE I 

SYNTHESIS OF TRUNCATED TISSUE FACTOR 

40 [0471] tTF is herein designated as the extracellular domain of the mature Tissue Factor protein (amino acid 1 -21 9 
of the mature protein; SEQ ID NO:1). SEQ ID NO:1 is encoded by, e.g., SEQ ID NO:10. 

A. H 6 [tTF] 

45 [0472] H 6 Ala Met AlaftTF]. The tTF complimentary DNA (cDNA) was prepared as follows: RNA from J-82 cells 
(human bladder carcinoma) was used for the cloning of tTF. Total RNA was isolated using the GlassMax™ RNA mi- 
croisolation reagent (Gibco BRL). The RNA was reverse transcribed to cDNA using the GeneAmp RNA PCR kit (Perkin 
Elmer). tTF cDNA was amplified using the same kit with the following two primers: 

50 

5 1 primer: 5' GTC ATG CCA TGG CC T CAG GC A CTA C AA 
(SEQIDNO:15) 

55 
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y primer: 5' TGA CAA GCT T AT TCT CTG AAT TCC CCT TTC T 
5 (SEQIDNO:16) 

[0473] The underlined sequences codes for the N-terminus of tTR The rest of the sequence in the 5' primer is the 
restriction site for Nco\ allowing the cloning of tTF into the expression vector. The sequence in the 3' primer is the 
10 Hind\\\ site for cloning tTF into the expression vector. PCR amplification was performed as suggested by the manu- 
facturer. Briefly, 75 u.M dNTP; 0.6 (xM primer, 1 .5 mM MgCI 2 were used and 30 cycles of 30" at 95°C, 30" at 55°C and 
30" at 72°C were performed. 

[0474] The tTF was expressed as a fusion protein in a non-native state in E. coli inclusion bodies using the expression 
vector H 6 pQE-60 (Qiagen). The E. coli expression vector H 6 pQE-60 was used for expressing tTF (Lee era/., 1994). 

15 The PCR amplified tTF cDNA was inserted between the Nco\ and H/ndlll site. H 6 pQE-60 has a built-in (His) 6 encoding 
sequence such that the expressed protein has the sequence of (His) 6 at the N terminus, which can be purified on a 
Ni-NTA column. In addition, the fusion protein has a thrombin cleavage site and residues 1 -21 9 of TF. 
[0475] To purify tTF, tTF containing H 6 pQE-60 DNA was transformed to E. co//TG-1 cells. The cells were grown to 
ODgoo = 0 5 and IPTG was added to 30 u.M to induce the tTF production. The cells were harvested after shaking for 

20 1 8 h at 30°C. The cell pellet was denatured in 6 M Gu-HCI and the lysate was loaded onto a Ni-NTA column (Qiagen). 
The bound tTF was washed with 6 M urea and tTF was refolded with a gradient of 6 M - 1 M urea at room temperature 
for 16 h. The column was washed with wash buffer (0.05 Na H 2 P0 4 , 0.3 M NaCI, 10% glycerol) and tTF was eluted 
with 0.2 M Imidozole in wash buffer. The eluted tTF was concentrated and loaded onto a G-75 column. tTF monomers 
were collected. 

25 

B. tTF 

[0476] Gly[tTF]. The GlytTF complimentary DNA (cDNA) was prepared the same way as described in the previous 
section except the 5' primer was replaced by the following primer in the PCR. 

30 

5' primer: 5' GTC ATG CCA TGG CCC TGG TGC CTC GTG C TT CTG GCA CTA 
CAA ATA CT (SEQ ID NO:17) 

[0477] The underlined sequence codes for the N-terminus of tTF The remaining sequence encodes a restriction site 

for Nco\ and a cleavage site for thrombin. 
40 [0478] The H 6 pQE60 expression vector and the procedure for protein purification is identical to that described above 

except that the final protein product was treated with thrombin to remove the H 6 peptide. This was done by adding 1 

part of thrombin (Sigma) to 500 parts of tTF (w/w), and the cleavage was carried out at room temperature for 18 h. 

Thrombin was removed from tTF by passage of the mixture through a Benzamidine Sepharose 6B thrombin affinity 

column (Pharmacia). The resultant tTF, designated tTF 219 , consisted of residues 1 -21 9 of TF plus an additional glycine 
45 at the N-terminus. It migrated as a single band of molecular weight 26 kDa when analyzed by SDS-PAGE, and the N- 

terminal sequence was confirmed by Edman degradation. It has the sequence of SEQ ID NO: 1 . 

C. Cystelne-modified tTFs 

so [0479] (His) 6 -N , -cys'tTF 219 -tTF, hereafter abbreviated to H 6 -N'-cys-tTF 219 , was prepared by mutating tTF 219 by PCR 
with a 5' primer encoding a Cys in front of the N'-terminus of mature tTF H 6 -tTF 219 -cys-C' was prepared likewise using 
a 3* primer encoding a Cys after amino acid 219 of tTF Expression and purification were as for tTF 219 except that 
Ellman's reagent (5'5'-dithio-bis-2-nitrobenzoic acid) was applied after refolding to convert the N'- or C -terminal Cys 
into a stable activated disulfide group. The products have the sequences shown in SEQ ID NO:2 and SEQ ID NO:3. 

55 Thrombin cleavage removed the (His)6 tag and converted the proteins into N'-cys-tTF 219 and tTF 219 -cys-C having the 
sequences shown in SEQ ID NO:4 and SEQ ID NO:5. The products were > 95% pure as judged by SDS-polyacrylamide 
gel electrophoresis. 

[0480] H 6 -tTF 220 -cys-C' and He-tTF^-cys-C were prepared by mutating tTF 219 by PCR with 3' primers encoding 
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lle-Cys and He-Phe-Cys after amino acid 21 9 of tTF. Expression, refolding and purification were as for H 6 -tTF 219 -cys-C\ 
The proteins have the sequences shown in SEQ ID NO:6 and SEQ ID NO:7. 

EXAMPLE II 

5 

SYNTHESIS OF DIMERIC TISSUE FACTOR 

[0481] The inventors' reasoned that Tissue Factor dimers may be more potent than monomers at initiating coagula- 
tion. It is possible that native Tissue Factor on the surface of J82 bladder carcinoma cells may exist as a dimer (Fair 

10 et a/., 1987). The binding of one Factor VII or Factor Vila molecule to one Tissue Factor molecule may also facilitate 
the binding of another Factor VII or Factor Vila to another Tissue Factor (Fair era/., 1987; Bach era/., 1986). Further- 
more, Tissue Factor shows structural homology to members of the cytokine receptor family (Edgington ef a/., 1991) 
some of which dimerize to form active receptors (Davies and Wlodawer, 1995). The inventors therefore synthesized 
TF dimers, as follows. While the synthesis of dimers hereinbelow is described in terms of chemical conjugation, re- 

*5 combinant and other means for producing the dimers of the present invention are also contemplated by the inventors. 

A. [tTF] Linker [tTF] 

[0482] The Gly [tTF] Linker [tTF] with the structure Gly[tTF] (Gly) 4 Ser (Gly) 4 Ser (Gly) 4 Ser [tTF] was made. Two 
20 pieces of DNA were PCR amplified separately and were ligated and inserted into the vector as follows: 

[0483] PCR 1 : Preparation of tTF and the 5' half of the linker DNA. The primer sequences in the PCR are as follows: 

5' primer: 5' GTC ATG CCA TGG CCC TGG TGC CTC GTG GTT CTT GCG GCA 

25 

CTA CAA ATA CT (SEQ ID NO: 1 8) 



3' primer: 5' CGC GGA TCC ACC GCC ACC AGA TCC ACC GCC TCC TTC TCT 
GAA TTC CCC TTT CT (SEQ ID NO: 19) 

35 

[0484] Gly[tTF] DNA was used as the DNA template. Further PCR conditions were as described in the tTF section. 
[0485] PCR 2: Preparation of the 3' half of the linker DNA and tTF DNA. The primer sequences in the PCR were as 
follows: 

40 

5' primer: 5' CGC GGA TCC GGC GGT GGA GGC TCT TCA GGC ACT ACA AAT 
ACTGT(SEQIDNO:20) 



3' primer: 5' TGA CAA GCT TAT TCT CTG AAT TCC CCT TTC T 
50 (SEQIDNO:21) 

[0486] tTF DNA was used as the template in the PCR. The product from PCR 1 was digested with Nco\ and BamH. 
The product from PCR 2 was digested with H/ndlll and BarnHI . The digested PCR1 and PCR2 DNA were ligated with 
55 Nco\ and H/ndlll -digested H 6 pQE 60 DNA. 

[0487] For the vector constructs and protein purification, the procedures were the same as described in the Gly [tTF] 
section. 
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B. Cys [tTF] Linker [tTF] 

[0488] The Cys [tTF] Linker [tTF] with the structure Ser Gly Cys [tTF 2-21 9] (Gly) 4 Ser (Gly) 4 Ser(Gly) 4 Ser [tTF] was 
also constructed. DNA was made by PCR using the following primers were used: 

5 

5' primer: 5' GTC ATG CCA TGG CCC TGG TGC CTC GTG GTT CTT GCG GCA 
CTA CAA ATA CT (SEQ ID NO:22) 

10 

y primer: 5' TGA CAA GCT TAT TCT CTG AAT TCC CCT TTC T 
(SEQ ID NO:23) 

[0489] [tTF] linker [tTF] DNA was used as the template. The remaining PCR conditions were the same as described 
20 in the tTF section. The vector constructs and protein purification were all as described in the purification of H 6 C[tTF]. 

C. [tTF] Linker [tTF]cys 

* [0490] The [tTF] Linker [tTF]cys dimer with the protein structure [tTF] (Gly) 4 Ser (Gly) 4 Ser (Gly) 4 Ser [tTF] Cys was 
25 also made. The DNA was made by PCR using the following primers: 

5' primer: 5' GTC ATG CCA TGG CCC TGG TGC CTC GTG GTT GCA CTA CAA 
30 ATA CT (SEQ ID NO:24) 

y primer: 5' TGA CAA GCT TAG CAT TCT CTG AAT TCC CCT TTC T (SEQ ID 
NO:25). 

[0491 ] [tTF] linker [tTF] DNA was used as the template. The remaining PCR conditions were the same as described 
40 in the tTF section. The vector constructs and protein purification were again performed as described in the purification 
of [tTF]cys section. 

D. Chemically Conjugated Dimers 

45 [0492] [tTF] Cys monomer, which had been treated with Ellman's reagent to convert the free Cys to an activated 
disulfide group, was reduced with half a molar equivalent of dithiothreitol. This generated free Cys residues in half of 
the molecules. The monomers are conjugated chemically to form [tTF] Cys-Cys [tTF] dimers. This is done by adding 
an equal molar amount of DTT to the protected [tTF] Cys at room temperature for 1 hr to deprotect and expose the 
cysteine at the C-terminus of [tTF] Cys. An equal molar amount of protected [tTF] Cys is added to the DTT/[tTF] Cys 

50 mixture and the incubation is continued for 18 h at room temperature. The dimers are purified on a G-75 gel filtration 
column. Dimers of H 6 -tTF 220 -cys-C\ H 6 -tTF 22 i-cys-C' and H 6 -N'-cys-tTF 219 were prepared likewise. The Cys [tTF] 
monomer is conjugated chemically to form dimers using the same method. 

EXAMPLE III 

55 

SYNTHESIS OF TISSUE FACTOR MUTANTS 

[0493] Three tTF mutants are described that lack the capacity to convert tTF-bound Factor VII to Factor Vila. There 
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is 300-fold less Factor Vila in the plasma compared with Factor VII (Morrissey et al., 1993). Therefore, circulating 
mutant tTF should be less able to initiate coagulation and hence exhibit very low toxicity. However, once the mutant 
tTF has localized to the tumor site, as is surprisingly demonstrated herein, Factor Vila may be injected to exchange 
with the tTF-bound Factor VII. The mutated proteins have the sequences shown in SEQ ID NO:8 and SEQ ID NO:9 
5 and are active in the presence of Factor Vila. 

A. [tTF]G164A 

[0494] The "[tTF]G1 64A" has the mutant protein structure with the amino acid 1 64 (Gly) of tTF 219 being replaced by 
10 Ala. The Chameleon double-stranded site directed mutagenesis kit (Stratagene) was used for generating the mutant. 
The DNA template is Gly[tTF] DNA and the sequence of the mutagenizing primer is: 



5' CAA GTT CAG CCA AGA AAAC (SEQ ID NO:26) 



[0495] The G1 64A mutant is represented by SEQ ID NO:9. The vector constructs and protein purification procedures 
described above were used in the purification of Gly[tTF]. 

20 

B. [tTF]W158R 

[0496] The tryptophan at amino acid 1 58 of tTF 219 was mutated to an arginine by PCR™ with a primer encoding this 
change. Expression, refolding and purification was as for tTF 219 . The mutated protein has the sequences shown in 
25 SEQIDNO:8. 

C. [tTF]W158R S162A 

[0497] The [tTF]W158R S162A is a double mutant in which amino acid 158 (Trp) of tTF 219 is replaced by Arg and 
30 amino acid 162 (Ser) is replaced by Ala. The same mutagenizing method is used as described for [tTF] G164A and 
[tTF]W158R. The mutagenizing primer is: 



5' ACA CTT TAT TAT CGG AAA TCT TCA GCT TCA GGA AAG 
(SEQIDNO:27) 



[0498] The foregoing vector constructs and protein purification procedures are the same as used for purifying Gly 
40 [tTF]. 

EXAMPLE IV 

PREPARATION OF tTF-BISPECIFIC ANTIBODY ADDUCTS AND SYNTHESIS OFTISSUE FACTOR CONJUGATES 

45 

A. Preparation of tTF-Bispecific Antibody Adducts 

[0499] Bispecific antibodies were constructed that had one Fab' arm of the 1 0H 1 0 antibody that is specific for a non- 
inhibitory epitope on tTF linked to one Fab' arm of antibodies (OX7, Mac51 , CAMPATH-2) of irrelevant specificity. When 
50 mixed with tTF, the bispecific antibody binds the tTF via the 1 0H1 0 arm, forming a non-covalent adduct. The bispecific 
antibodies were synthesized according to the method of Brennan etai. (1985; incorporated herein by reference) with 
minor modifications. 

[0500] In brief, F(ab') 2 fragments were obtained from the IgG antibodies by digestion with pepsin (type A; EC 3.4.23.1) 
and were purified to homogeneity by chromatography on Sephadex G100. F(ab') 2 fragments were reduced for 16 h at 
55 20°C with 5 mM 2-mercaptoethanol in 0.1 M sodium phosphate buffer, pH 6.8, containing 1 mM EDTA (PBSE buffer) 
and 9 mM NaAs0 2 . Ellman's reagent (ER) was added to give a final concentration of 25 mM and, after 3 h at 20°C, 
the Ellman's derivatized Fab' fragments (Fab'-ER) were separated from unreacted ER on columns of Sephadex G25 
in PBSE. 
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[0501] To form the bispecific antibody, Fab'-ER derived from one antibody was concentrated to approximately 2.5 
mg/ml in an Amicon ultrafiltration cell and was reduced with 10 mM 2-mercaptoethanol for 1 h at 20°C. The resulting 
Fab'-SH was filtered through a column of Sephadex G25 in PBSE and was mixed with a 1:1 -fold molar excess of 
Fab'-ER prepared from the second antibody. The mixtures were concentrated by ultrafiltration to approximately 3 mg/ 
ml and were stirred for 16 h at 20°C. The products of the reaction were fractionated on columns of Sephadex G100 in 
PBS. The fractions containing the bispecific antibody (110 kDa) were concentrated to 1 mg/ml, and stored at 4°C in 

0. 02% sodium azide. 

[0502] To form the tTF-bispecific antibody adducts, the bispecific antibody was mixed with a molar equivalent of tTF 
or derivatives thereof for 1 hour at 4°C. The adduct eluted with a molecular weight of approximately 130 kDa on gel 
filtration columns, corresponding to one molecule of bispecific antibody linked to one molecule of tTF 

1 . Preparation of lgG-H 6 -N'-cys-tTF 219 and lgG-H 6 -tTF 219 -cys-C 

[0503] To 26 mg IgG at a concentration of 1 0 mg/ml in N 2 -f lushed phosphate-saline buffer was added 250 \ig SMPT 
(Pharmacia) in 0.1 ml dry DMF. After stirring for 30 minutes at room temperature, the solution was applied to a column 
(1 .6 cm diameter X 30 cm) of Sephadex G25(F) equilibrated in the same buffer. The derivatized IgG was collected in 
a volume of 10 to 12 ml and concentrated to about 3.5 ml by ultrafiltration (Amicon, YM2 membrane). The H 6 -N'-cys- 
tTF 219 or H 6 -tTF 219 -cys-C (15 mg) was reduced by incubation at room temperature in the presence of 0.2 mM DTT 
until all Ellman's agent was released (i.e. OD at 412 nm reached a maximum). It was then applied to the Sephadex 
G25(F) column (1 .6 cm diameter x 30 cm) equilibrated with N 2 -flushed buffer. 

[0504] The Cys-tTF (- 15 ml) was added directly to the derivatized IgG solution. The mixture was concentrated to 
about 5 ml by ultrafiltration and incubated at room temperature for 1 8 hours before resolution by gel filtration chroma- 
tography on Sephacryl S200. The peak containing material having a molecular weight of 175,000-200,000 was col- 
lected. This component consisted of one molecule of IgG linked to one or' two molecules of tTF. The conjugates have 
the structure: 



2. Preparation of Fab'-H6-N'-cys-tTF219 

[0505] Fab 1 fragments were produced by reduction of F(ab') 2 fragments of IgG with 1 0 mM mercaptoethylamine. The 
resulting Fab' fragments were separated from reducing agent by gel filtration on Sephadex G25. The freshly-reduced 
Fab' fragment and the Ellman's modified H 6 -N*-cys-tTF 219 were mixed in equimolar amounts at a concentration of 20 
u,M. The progress of the coupling reaction was followed by the increase in absorbance at 412 nm due to the 3-carbox- 
ylato-4-nitrothiophenolate anion released as a result of conjugation. The conjugate has the structure: 



B. Synthesis of Tissue Factor Conjugates 

1. Chemical Derivatization and Antibody Conjugation 

[0506] Antibody tTF conjugates were synthesized by the linkage of chemically derivatized antibody to chemically 
derivatized tTF via a disulfide bond. 

[0507] Antibody was reacted with a 5-fold molar excess of succinimidyl oxycarbonyl-a-methyl a-(2-pyridyldithio)tol- 
uene (SMPT) for 1 hour at room temperature to yield a derivatized antibody with an average of 2 pyridyldisulphide 
groups per antibody molecule. Derivatized antibody was purified by gel permeation chromatography. 
[0508] A 2.5-fold molar excess of tTF over antibody was reacted with a 45-fold molar excess of 2-iminothiolane (2IT) 
for 1 hour at room temperature to yield tTF with an average of 1 .5 sulfhydryl groups per tTF molecule. Derivatized tTF 



CH 3 




tTF 



Fab'-SS-tTF 
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was also purified by gel permeation chromatography and immediately mixed with the derivatized antibody. 
[0509] The mixture was left to react for 72 hours at room temperature and then applied to a Sephacryl S-300 column 
to separate the antibody-tTF conjugate from free tTF and released pyridine-2-thione. The conjugate was separated 
from free antibody by affinity chromatography on a anti-tTF column. The predominant molecular species of the final 
5 conjugate product was the singly substituted antibody-tTF conjugate (Mr approx. 176,000) with lesser amounts of 
multiply substituted conjugates (Mr > approx. 202,000) as assessed by SDS-PAGE. 

2. Conjugation of Cysteine- Modified tTF to Derivatized Antibody 

10 [051 0] Antibody-C[TF] and [tTFJC conjugates were synthesized by direct coupling of cysteine-modified tTF to chem- 
ically derivatized antibody via a disulfide bond. 

[051 1] Antibody was reacted with a 1 2-fold molar excess of 2IT for 1 hour at room temperature to yield derivatized 
antibody with an average of 1.5 sulfhydryl groups per antibody molecule. Derivatized antibody was purified by gel 
permeation chromatography and immediately mixed with a 2-fold molar excess of cysteine-modified tTF The mixture 
15 was left to react for 24 hours at room temperature and then the conjugate was purified by gel permeation and affinity 
chromatography as described above. 

[0512] The predominant molecular species of the final conjugate was the singly substituted conjugate (Mr approx. 
176,000) with lesser amounts of multiple substituted conjugates (Mr > approx. 202,000) as assessed by SDS-PAGE. 

20 3. Conjugation of Cysteine-Modified tTF to Fab" Fragments 

[0513] Antibody Fab'-C[tTF] and [tTF]C conjugates are prepared. Such conjugates may be more potent in vivo be- 
cause they should remain on the cell surface for longer than bivalent conjugates due to their limited internalization 
capacity. Fab 1 fragments are'mixed with a 2-fold molar excess of cysteine-modified tTF for 24 hours and then the 
25 conjugate purified by gel permeation and affinity chromatography as described above. 

EXAMPLE V 

TUMOR INFARCTION BY TISSUE FACTOR 

30 

A. Methods 

1. In Vitro Coagulation Assay 

35 [0514] This assay was used to verify that tTF, various derivatives and mutants thereof, and immunoglobulin-tTF 
conjugates acquire coagulation inducing activity once localized at a cell surface. A20 lymphoma cells (l-A d positive) 
(2 x 1 0 6 cells/ml, 50 uJ) were incubated for 1 h at room temperature with a bispecific antibody (50 u^g/ml, 25 consisting 
of a Fab' arm of the B21 -2 antibody directed against l-A d linked to a Fab' arm of the 1 0H1 0 antibody directed against 
a non-inhibitory epitope on tTF. -The cells were washed at room temperature and varying concentrations of tTF, deriv- 

40 atives or mutants thereof, or immunoglobulin-tTF conjugates were added for 1 hour at room temperature. The bispecific 
antibody captures the tTF or tTF linked to immunoglobulin, bringing it into close approximation to the cell surface, 
where coagulation can proceed. 

[0515] The cells were washed again at room temperature, resuspended in 75 u,l of PBS and warmed to 37°C. Calcium 
(12.5 mM) and citrated mouse or human plasma (30 were added. The time for the first fibrin strands to form was 
45 recorded. Clotting time was plotted against tTF concentration and curves compared with standard curves prepared 
using standard tTF 219 preparations. 

[0516] In some studies, varying concentrations of recombinant human Factor Vila were added together with tTF 219 
and mutants thereof, to determine whether coagulation rate was enhanced by the presence of Factor Vila. 

so 2. Factor Xa Production Assays 

[0517] This assay is useful in addition to or as an alternative to the in vitro coagulation assay to demonstrate that 
tTF and immunoglobulin-tTF conjugates acquire coagulation inducing activity once localized at a cell surface. The 
assay measures factor X to Xa conversion rate by means of a chromophore-generating substrate (S-2765) for factor Xa. 
55 [0518] A20 cells (2 x 1 0 7 cells) were suspended in 10 ml medium containing 0.2% w/v sodium azide. To 2.5 ml cell 
suspension were added 6.8 u,g of B21 -2/1 OH 1 0 "capture" bispecific antibody for 50 minutes at room temperature. The 
cells were washed and resuspended in 2.5 ml medium containing 0.2% w/v sodium azide. The tTF and immunoglobulin- 
tTF conjugates dissolved in the same medium were distributed in 100 jil volumes at a range of concentrations into 
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wells of 96-well microtiter plates. To the wells was then added 100 uJ of the cell/bispecific antibody suspension. The 
plates were incubated for 50 minutes at room temperature. 

[0519] • The plates were centrifuged, the supernatants were discarded and the cell pellets were resuspended in 250 
u.l of Wash Buffer (150 mM NaCI; 50 mM Tris-HCI, pH 8; 0.2% w/v bovine serum albumin). The cells were washed 

5 again and cells resuspended in 100 u,l of a 12.5-fold dilution of Proplex T (Baxter, Inc.) containing Factors II, VII, IX 
and X in Dilution Buffer (Wash Buffer supplemented with 12.5 mM calcium chloride). Plates were incubated at 37°C 
for 30 minutes. To each well was added Stop Solution (12.5 mM sodium ethylenediaminetetracetic acid (EDTA)) in 
wash buffer. Plates were centrifuged. 100 pi of supernatant from each well were added to 11 \i\ of S-2765 (N-a-ben- 
zyloxycarbonyl-D-Arg-L-Gly-L-Arg-p-nitroanilide dihydrochloride, Chromogenix AB, Sweden). The optical density of 

10 each solution was measured at 409 nm. Results were compared to standard curves generated from standard tTF 219 . 

3. In Vivo Tumor Thrombosis 

[0520] This model was used to demonstrate that tTF and immunoglobulin-tTF conjugates induced thrombosis of 

15 tumor blood vessels and caused tumor infarction in vivo. 

[0521] Tumor test systems were of four types: i) '3LL mouse lung carcinoma growing subcutaneously in C57BL/6 
mice; ii) C1300 mouse neuroblastoma growing subcutaneously in BALB/c nu/nu mice; iii) HT29 human colorectal 
carcinoma growing subcutaneously in BALB/c nu/nu mice; and iv) C1300 Muy mouse neuroblastoma growing subcu- 
taneously in BALB/c nu/nu mice. The C1 300 Muytumor is an interferon-? secreting transfectant derived from the C1 300 

20 tumor (Watanabe etai, 1989). 

[0522] Further, the C1300 (Muy) tumor model of (Burrows, et at., 1992; incorporated herein by reference) was em- 
ployed and modified as follows: (i) antibody B21-2 was used to target l-A d ; (ii) C1300(Muy) tumor cells, a subline of 
C1300(Muv)12 tumor cells, that grew continuously in BALB/c nu/nu mice were used; and (iii) tetracycline was omitted 
from the mice's drinking water to prevent gut bacteria from inducing l-A d on the gastrointestinal epithelium. Unlike 

25 immunotoxins, coaguligands and Tissue Factor constructs do not damage l-A d -expressing intestinal epithelium. 

4. Tumor Establishment 

[0523] To establish tumors, 1 0 6 to 1 .5 x 1 0 7 tumor cells were injected subcutaneously into the right anterior flank of 
30 the mice. When tumors had grown to various sizes, mice were randomly assigned to different study groups. Mice then 
received an intravenous injection of 0.5 mg/kg of tTF alone or linked to IgG, Fab', or bispecific antibody. Other mice 
received equivalent quantities IgG, Fab' or bispecific antibody alone. The injections were performed slowly into one of 
the tail veins over approximately 45 seconds, usually followed by 200 \i\ of saline. 

[0524] In some studies, the effect of administering cancer chemotherapeutic drugs on the thrombotic action of tTF 
35 on tumor blood vessels was investigated. Mice bearing subcutaneous HT29 human colorectal tumors of 1 .0 cm diam- 
eter we rexjiven intraperitoneal injections of doxorubicin (1 mg/kg/day), camptothecin (1 mg/kg/day), etoposide (20 mg/ 
kg/day) or interferon gamma (2 x 10 5 units/kg/day) for two days before the tTF injection and again on the day of the 
tTF injection. 

[0525] Twenty-four hours after being injected with tTF or immunoglobulin-tTF conjugates, the mice were anesthetized 
40 with metophane and were exsanguinated by perfusion with heparinized saline. Tumors and normal tissues were excised 
and immediately fixed in 3% (v/v) formalin. Paraffin sections were cut and stained with hematoxylin and eosin. Blood 
vessels having open lumens containing erythrocytes and blood vessels containing thrombi were counted. Paraffin 
sections were cut and stained with hematoxylin and eosin or with Martius Scarlet Blue (MSB) trichrome for the detection 
of fibrin. 

45 

5. Anti-Tumor Effects 

[0526] Accepted animal models were used to determine whether administration of tTF or immunoglobulin-tTF con- 
jugates suppressed the growth of solid tumors in mice. The tumor test systems were: i) L540 human Hodgkin's disease 
50 tumors growing in SCID mice; ii) C1300 Muy (interferon-secreting) neuroblastoma growing in nu/nu mice; iii) H460 
human non-small cell lung carcinoma growing in nu/nu mice. To establish solid tumors, 1.5 x 10 7 tumor cells were 
injected subcutaneously into the right anterior flank of SCID or B£ LB/c nu/nu mice (Charles River Labs., Wilmingham, 
MA). When the tumors had grown to various diameters, mice were assigned to different experimental groups, each 
containing 4 to 9 mice. 

55 [0527] Mice then received an intravenous injection of 0.5 mg/kg of tTF alone or linked to bispecific antibody. Other 
mice received equivalent quantities of bispecific antibody alone. The injections were performed over - 45 seconds 
into one of the tail veins, followed by 200 uJ of saline. The infusions were repeated six days later. Perpendicular tumor 
diameters were measured at regular intervals and tumor volumes were calculated. 
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B. Results 

1 . In vitro Coagulation by tTF and Variants 

5 [0528] To target tTF to l-A d on tumor vascular endothelium, the inventors prepared a bispecific antibody with the 
Fab' arm of the B21-2 antibody, specific for l-A d , linked to the Fab' arm of the 10H10 antibody, specific for a non- 
inhibitory epitope on the C-module of tTF. This bispecific antibody, B21 -2/1 0H10, mediated the binding of tTF in an 
antigen-specific manner to l-A d on A20 mouse B-lymphoma cells in vitro. When mouse plasma was added to A20 cells 
to which tTF had been bound by B21 -2/1 0H10, it coagulated rapidly Fibrin strands were visible 36 seconds after the 

10 addition of plasma to antibody-treated cells, as compared with 1 64 seconds when plasma was added to untreated cells 
(Fig. 4A). Only when tTF was bound to the cells was this enhanced coagulation observed: no effect on coagulation 
time was seen with cells incubated with tTF alone, with homodimeric F(ab') 2 , with Fab' fragments, or with tTF plus 
bispecific antibodies that had only one of the two specificities needed for binding tTF to A20 cells. 
[0529] tTF 219 prepared as in Example I had identical ability to a "standard" tTF 219 preparation obtained from Dr. 

15 Thomas Edgington (The Scripps Research Institute, La Jolla, CA) to induce coagulation of mouse or human plasma 
after its binding via B2 1-2/1 OH 10 bispecific antibody to A20 lymphoma cells (FIG. 5). Mouse plasma coagulated in 50 
seconds when both the preparation of tTF 219 of Example I and the "standard" tTF were applied to the cells at 3 x 10' 9 
M. Thus, the tTF 219 prepared as described herein appears to be correctly refolded and fully active. 
[0530] There was a linear relationship between the logarithm of the number of tTF molecules bound to the cells and 

20 the rate of plasma coagulation by the cells (FIG. 4B). In the presence of cells alone, plasma coagulated in 1 90 seconds, 
whereas at 300,000 molecules of tTF per cell coagulation time was 40 seconds. Even with only 20,000 molecules per 
cell, coagulation was faster (140 seconds) than with untreated cells. These in vitro studies showed that the thrombo- 
genic potency of tTF is enhanced by cell surface proximity mediated through antibody-directed binding to Class II 
antigens on the cell surface. 

25 [0531] H 6 -N'-cys-tTF 219 and H 6 -tTF 219 -cys-C were as active as tTF at inducing coagulation of plasma once bound 
via the bispecific antibody to A20 cells. Plasma coagulated in 50 seconds when H 6 -N'-cys-tTF 219 and H 6 -tTF 219 -cys-C' 
were applied at 3 x 10" 9 M, the same concentration as for tTF (FIG. 5). Thus, mutation of tTF to introduce a (His) 6 
sequence and a Cys residue at the NT or C terminus does not reduce its coagulation-inducing activity. 
[0532] H 6 -tTF 220 -cys-C', tTF^Q-cys-C', H 6 -tTF 221 -cys-C and tTF^-cys-C were as active as tTF 219 at inducing co- 

30 agulation of plasma once localized on the surface of A20 cells viathe bispecific antibody, B21 -2/1 OH 1 0. With all samples 
at 5 x 10" 10 M, plasma coagulated in 50 seconds (FIG. 6 and FIG. 7). 

2. In Vitro Coagulation by tTF Dimers 

35 [0533] H 6 -N'cys-tTF 219 dimerwas as active as tTF 219 itself at inducing coagulation of plasma once localized on the 
surface of A20 cells via the bispecific antibody, B21 -2/1 OH 1 0. At a concentration of 1-2x 10- 10 M, both samples induced 
coagulation in 50 seconds (FIG. 8). In contrast, H 6 -tTF 221 -cys-C dimer was 4-fold less active than Hs-tTF^-t-cys-C 
monomer or tTF 219 itself. At a concentration of 4 x 1 0~ 9 M, H 6 -tTF 221 -cys-C dimer induced coagulation of plasma in 50 
seconds, whereas the corresponding monomer needed to be applied at 1 x 1 0* 9 M for the same effect on coagulation. 

40 

3. In vivo Tumor Thrombosis 

[0534] A histological study was performed to determine whether intravenous administration of the B21 -2/1 OH 1 0-tTF 
coaguligand induced selective thrombosis of tumor vasculature in mice bearing subcutaneous C1300(Muy) neurob- 
45 lastomas of 0.8 to 1 .0 cm diameter (FIG. 9). Within 30 minutes, all vessels throughout the tumor were thrombosed, 
containing occlusive platelet aggregates, packed erythrocytes, and fibrin. At this time, tumor cells were indistinguishable 
histologically from tumor cells of untreated mice. 

[0535] After 4 hours, however, there were signs of tumor cell injury. The majority of tumor cells had separated from 
one another and had pyknotic nuclei, and the tumor interstitium commonly contained erythrocytes. By 24 hours, the 

50 tumor showed advanced necrosis, and by 72 hours, the entire central region of the tumor had condensed into amor- 
phous debris. These studies indicated that the predominant occlusive effect of the B21-2/10H10-tTF coaguligand on 
tumor vessels is mediated through binding to Class II antigens on tumor vascular endothelium. 
[0536] Surprisingly it was observed that there was a non-specific thrombotic action of tTF discernible in tumor vessels 
at later times: In tumors from mice which had been injected 24 hours previously with tTF alone or tTF mixed with the 

55 control bispecific antibody, OX7/1 0H1 0, the tumors assumed a blackened, bruised appearance starting within 30 min- 
utes and becoming progressively more marked up to 24 hours. A histological study revealed that 24 hours after injection 
of tTF 219 practically all vessels in all regions of the tumor were thrombosed (FIG. 9). Vessels contained platelet aggre- 
gates, packed red cells and fibrin. The majority of tumor cells had separated from one another and had developed 
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pyknotic nuclei and many regions of the tumors were necrotic. These were most pronounced in the tumor core. Eryth- 
rocytes were commonly observed in the tumor interstitium. 

[0537] It is possible that the resident thrombogenic activity of tumor vasculature (Zacharski, et a/., 1993) renders 
these vessels more susceptible to thrombosis even by untargeted tTF. Alternatively, enhanced procoagulant changes 
5 might have been induced by the tumor-derived IFNy. 

[0538] Similar results were obtained when tTF 219 was administered to mice bearing large C1300 tumors (> 1000 
mm 3 ). Again, virtually all vessels were thrombosed 24 hours after injection (FIG. 10). Thus, the effects observed on 
C1300 Muy tumors were not related to the interferon y secretion by the tumor cells. 

[0539] Further studies were performed in C57BL76 mice bearing large (> 800 mm 3 ) 3LL tumors. Again, thrombosis 
10 of tumor vessels was observed, though somewhat less pronounced than with the C1300 and C1300 Muy tumor. On 
average 62% of 3LL tumor vessels were thrombosed (FIG. 11). 

[0540] Vessels in small (< 500 mm 3 ) C1300 and C1300 Muywere largely unaffected by tTF 219 administration. Thus, 
as the tumors grow, their susceptibility to thrombosis by tTF 219 increases. This is possibly because cytokines released 
by tumor cells or by host cells that infiltrate the tumor activate the tumor vascular endothelium, inducing procoagulant 

is changes in the vessels. 

[0541] Coaguligand treatment was well tolerated, mice lost no weight and retained normal appearance and activity 
levels. At the treatment dose of 0.6 mg/kg B21 -2/1 0H10 plus 0.5 mg/ kg tTF, toxicity was observed in only two of forty 
mice (thrombosis of tail vein). It is important to note that neither thrombi, nor histological or morphological abnormalities 
were visible in paraffin sections of liver, kidney, lung, intestine, heart, brain, adrenals, pancreas, or spleen from the 

20 tumor-bearing mice 30 minutes or 24 hours after administration of coaguligand or free tTF Furthermore, no signs of 
toxicity (behavioral changes, physical signs, weight changes) were observed in treated animals. 

4. Anti-Tumor Effects 

25 [0542] The inventors next investigated whether intravenous administration of the B21-2/10H10-tTF coaguligand 
could inhibit the growth of large (0.8 to 1 .0 cm diameter) tumors in mice. The pooled results from three separate studies 
indicate that mice receiving B21 -2/1 OH 10- tTF coaguligand had complete tumor regressions lasting four months or 
more. These anti-tumor effects were significantly greater than for all other treatment groups (FIG. 12A). 
[0543] Surprisingly, the inventors found that the anti-tumor effect of the B21 -2/1 OH 1 0-tTF coaguligand was attribut- 

30 able, in part, to a non-targeted effect of tTF. Tumors in mice receiving tTF alone or mixed with control bispecific anti- 
bodies (CAM PATH 11/1 0H1 0 or B21 -2/0X7) grew significantly more slowly than tumors in mice receiving antibodies or 
saline alone (FIG. 12A; FIG. 12B). 

[0544] Mice bearing small (300 mm 3 ) C1300 Muy tumors were injected intravenously with 16-20 \ig tTF 219 . The 
treatment was repeated one week later. The first treatment with tTF 219 had a slight inhibitory effect on tumor growth, 

35 consistent with the lack of marked thrombosis observed with small tumors above (FIG. 12B). The second treatment 
had a substantially greater, statistically significant (P< 0.01 ), effect on tumor growth, probably because the tumors had 
increased in size. One week after the second treatment with tTF 219 , tumors were 60% of the size of tumors in mice 
receiving diluent alone. The greater effectiveness of the second injection probably derives from the greater thrombotic 
action of tTF 219 on vessels in large tumors, observed above. 

40 [0545] Similar anti-tumor effects were observed in mice bearing H460 human lung carcinomas (FIG. 13). The first 
treatment with tTF 219 was given when the tumors were small (250 mm 3 ) and had little effect on growth rate. The second 
treatment with tTF 219 was given when the tumors were larger (900 mm 3 ) and caused the tumors to regress to 550 
mm 3 before regrowing. 

[0546] Anti-tumor effects were also observed in mice bearing HT29 human colorectal carcinomas (FIG. 14). Nu/nu 
mice bearing large (1200 mm 3 ) tumors on their flanks were injected intravenously with tTF 219 or PBS (control), and 
growth of the tumors was monitored each day for 1 0 days. The tumors in the tTF 219 treated mice discontinued growth 
for about 7 days after treatment, whereas the tumors in mice treated with PBS continued to grow unchecked. 
[0547] In animals that did not show complete tumor regression after B21-2/10H10-tTF coaguligand treatment, the 
tumors grew back from a surviving microscopic rim of cells at the periphery of the tumor. Immunohistochemical exam- 

50 ination of these tumors revealed that the vascular endothelium at the invading edge of the tumors lacked detectable 
Class II antigens, consistent with a lack of thrombosis of these vessels by the coaguligand permitting local tumor cell 
survival. Thus, coadministration of a drug acting on the tumor cells themselves would likely improve efficacy, as has 
been observed with another antivascular therapy (Burrows and Thorpe, 1992; Burrows and Thorpe 1993; Burrows and 
Thorpe 1994; U.S. Serial Nos. 07/846,349; 08/205,330; 08/295,868; and 08/350,212). 

55 [0548] The inventors previously demonstrated that a powerfully cytotoxic ricin A-chain immunotoxin directed against 
the tumor cells themselves was virtually devoid of anti-tumor activity when administered to mice with large C1 300(Muy) 
tumors (Burrows and Thorpe, 1993; U.S. Serial Nos. 07/846,349; 08/205,330; 08/295;868; and 08/350,212). The lack 
of activity was due to the inability of the immunotoxin to gain access to tumor cells in large tumor masses, thus attesting 
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to the comparative effectiveness of coaguligand therapy. 

[0549] The studies using coaguligands confirm the therapeutic potential of selective initiation of the blood coagulation 
cascade in tumor vasculature (U.S. Serial Nos. 08/273,567; 08/482,369; 08/485,482; 08/487,427; 08/479,733; 
08/472,631; 08/479,727; and 08/481,904), The induction of tumor infarction by targeting a thrombogen to tumor en- 
5 dothelial cell markers is therefore an effective anti-cancer strategy and may even result in the eradication of primary 
solid tumors and vascularized metastases. 

[0550]' The successful use of tTF alone or tTF immunoconjugates with an antibody of irrelevant specificity was initially 
a surprising outcome of the targeting studies. Although mice receiving tTF alone did not have complete tumor regres- 
sions, it is clear that the surprising anti-tumor activity of tTF renders this and functionally related TF derivatives useful 
10 in the treatment of solid tumors. The benefits of such compositions as detailed herein are far reaching and include the 
lack of side effects from the use of such TFs. Further, it is well within the skill of those in the art to produce the type of 
tTF compositions presented in the instant invention. Such compositions can then be employed in the treatment of solid 
tumors alone or in combination with other anti-cancer agents. 

15 EXAMPLE VI 

COAGULATION OF MOUSE PLASMA BY IMMUNOGLOBULIN-TF CONJUGATES 

[0551] lgG-H 6 -N'-cys-tTF 2 i9 was active at inducing coagulation of mouse plasma when localized on the surface of 
20 A20 cells by means of the bispecific antibody, B21 -2/1 0H10. It induced coagulation in 50 seconds when applied at a 
tTF concentration of 5 x 10" 9 M as compared with 1 x 1 0" 9 M for non-conjugated tTF 219 and H 6 -N'-cys-tTF 21 9 (FIG. 
15). The coagulation inducing activity of lgG-H 6 -N'-cys-tTF 219 is therefore reduced 5-fold relative to unconjugated 
H 6 -N'-cys-tTF 219 or tTF 219 itself. 

[0552] The slight reduction upon IgG conjugation could be because the IgG moiety of lgG-H 6 . N'-cys-tTF 219 impedes 
25 access of the B21 -2/1 0H10 bispecific antibody to the tTF moiety (i.e., an artifactual reduction related to the assay 
method). It is probably not because the IgG moiety of lgG-H 6 -N'-cys-tTF 219 interferes with formation of the coagulation 
initiation complexes because, in prior work, the inventors have found that the tTF moiety in an analogous construct, 
B21 -2 lgG-H 6 -N'-cys-tTF 219l is as active as tTF bound via B21 -2/1 0H1 0 to l-A d antigens on A20 cells (FIG. 1 6). Similarly, 
B21-2 lgG-H 6 -tTF 219 -cys-C' was as active at inducing coagulation as was the N'-linked conjugation (FIG. 16). 
30 [0553] lgG-H 6 -N'-cys-tTF 219 and Fab'-H 6 -N'-cys-tTF 219 were tested for their ability to convert Factor X to Xa in the 
presence of Factors II, VII and IX, once localized on the surface of A20 lymphoma cells by means of the bispecific 
antibody, B21 -2/1 0H10. The Fab'-tTF construct was as active as H 6 -N'-cys-tTF 219 itself at inducing Xa formation. The 
IgG-tTF construct was slightly (2-fold) less active than H 6 -N'-cys-tTF 219 itself (FIG. 17). 

35 EXAMPLE VII 

INHIBITION OF GROWTH OF C1300 Muy TUMORS BY IMMUNOGLOBULIN-TF CONJUGATE 

[0554] Mice bearing small (300 mm 3 ) subcutaneous C1300 Muy tumors were treated with tTF 219 or with a complex 
40 of tTF 219 and a bispecific antibody, OX7 Fab'/1 0H1 0 Fab\ not directed to a component of the tumor environment. The 
treatment was repeated 6 days later (FIG. 18). The bispecific antibody was simply designed to increase the mass of 
the tTF 219 from 25 kDa to 135 kDa, and thus prolong its circulatory half life, and was not intended to impart a targeting 
function to tTF. 

[0555] Tumors in mice treated with the immunoglobulin-tTF conjugate grew more slowly than those in mice receiving 
45 tTF 219 alone. Fourteen days after the first injection, tumors were 55% of the size of those in controls receiving diluent 
alone. In mice receiving tTF 219 alone, tumors were 75% of the size in controls receiving diluent alone (FIG. 18). 

EXAMPLE VIII 

50 ENHANCEMENT OF ANTI-TUMOR ACTIVITY OF IMMUNOGLOBULIN-tTF CONJUGATE BY ETOPOSIDE 

[0556] Mice bearing L540 human Hodgkin's disease tumors were treated with a complex of tTF 219 and a bispecific 
antibody together with the conventional anti-cancer drug, etoposide. Etoposide greatly enhanced the action of the 
immunoglobulin-tTF conjugate. In this tumor model alone, mice receiving the antibody-tTF complex alone showed little 
55 reduction in tumor growth relative to tumors in mice receiving diluent alone (FIG. 19). 

[0557] In contrast, tumors in mice receiving both etoposide and the immunoglobulin-tTF conjugate regressed in size 
and did not recommence growth for seventeen days. At the end of the study (day 20), tumors in mice receiving etoposide 
plus immunoglobulin-tTF were an average of 900 mm 3 in volume as compared with 2300 mm 3 in mice treated with 
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diluent and 2000 mm 3 in mice treated with immunoglobulin-tTF alone. In mice receiving etoposide alone, tumors av- 
eraged 1400 mm 3 on day 14 (FIG. 19). These results indicate that etoposide may predispose tumor vessels to throm- 
bosis by tTF or immunoglobulin-tTF conjugates. Irrespective of the mechanism, the results clearly show advantageous 
combination of TF, or a TF-conjugate, with a classical chemotherapeutic agent. 

5 

EXAMPLE IX 

ENHANCEMENT OF PLASMA COAGULATION BY Vila 

w [0558] The ability of cell-associated tTF 219 to induce coagulation of mouse or human plasma was strongly enhanced 
in the presence of free Factor VI la (FIG. 20). In the absence of Factor Vila, A20 cells treated with B21 -2/1 0H1O bispecif ic 
antibody and 10" 10 M tTF 219 coagulated plasma in 60 seconds, whereas in the presence of 13.5 nM Factor Vila, it 
coagulated plasma in 20 seconds (FIG. 20). This represents approximately a 1 00-fold enhancement in the coagulation- 
inducing potency of tTF in the presence of Factor Vila. Even in the presence of 0.1 nM Factor Vila, a 2-5 fold increase 

15 in coagulation-inducing potency of tTF was observed. 

[0559] This finding leads to the aspects of the disclosure that concern the coadministration of Factor Vila along with 
tTF or derivatives thereof, or with immunoglobulin-tTF conjugates, in order to enhance tumor vessel thrombosis in vivo. 

EXAMPLE X 

20 

REDUCED COAGULATION OF MOUSE PLASMA BY TF FACTOR VII ACTIVATION MUTANTS 

[0560] Mutations in W158 and G164 of tTF 219 have been reported to reduce markedly the ability of TF to induce 
coagulation of recalcified plasma (Ruf era/., 1992; Martin etal, 1995). Residues 157-167 of TF appear to be important 
25 in accelerating activation of Factor VII to Factor Vila, but not the binding of Factor VII to TF. The inventors mutated 
W1 58 to R and G1 64 to A and determined whether the mutants acquired the ability to coagulate plasma once localized 
by means of a bispecific antibody, B21/2-10H10, on the surface of A20 cells. It was found that the mutants were 
30-50-fold less effective than was tTF 219 at inducing coagulation of plasma (FIG. 21). 

30 EXAMPLE XI 

RESTORATION OF COAGULATING ABILITY OF FACTOR VII ACTIVATION MUTANTS BY FACTOR Vila 

[0561] Mutant tTF 219 (G164A) is a very weakly coagulating mutant of tTF 219 (Ruf, etal, 1992). The mutation is present 
35 in a region of TF (amino acids 157-167) thought to be important for the conversion of Factor VII to Factor Vila. Thus, 
addition of Factor Vila to cells coated with bispecific antibody and tTF 219 (G164A) would be reasoned to induce the 
coagulation of plasma. In support of this, A20 cells coated with B21 -2/1 0H1 0 followed by tTF 219 (G 1 64A) had increased 
ability to induce coagulation of plasma in the presence of Factor Vila (FIG. 22). Addition of Factor Vila at 1 nM or 
greater produced only marginally slower coagulation times than observed with tTF 219 and Factor Vila at the same 
40 concentrations. 

[0562] Mutant tTF 219 (W158R) gave similar results to tTF 219 (G164A). Again, addition of Factor Vila at 1 nM or 
greater to A20 cells coated with B21 -2/10H1 0 followed by tTF 219 gave only marginally slower coagulation times than 
did tTF 219 and Factor Vila at the same concentrations. 

[0563] These results support those aspects of the disclosure that provide that tTF 219 (G164A) or tTF 219 (W158R), 
45 when coadministered with Factor Vila to tumor-bearing animals, will induce the thrombosis of tumor vessels. This 
approach is envisioned to be advantageous because tTF (G164A), tTF (W158R) or Factor Vila given separately are 
practically non-toxic to mice, and the same is reasonably expected in humans. Coadministration of the mutant tTF and 
Factor Vila is expected not to cause toxicity, yet to cause efficient thrombosis of tumor vessels. Giving mutant tTF 
together with Factor Vila is thus contemplated to result in an improved therapeutic index relative to tTF 219 plus Factor 
so Vila. 

EXAMPLE XII 

ENHANCED ANTI-TUMOR ACTIVITY OF ACTIVATION MUTANTS AND FACTOR Vila 

55 

[0564] For these studies, the inventors chose the HT29 (human colorectal carcinoma) xenograft tumor model. HT29 
cells (1 0 7 cells/mouse) were subcutaneously injected into BALB/c nu/nu mice. Tumor dimensions were monitored and 
animals were treated when the tumor size was between 0.5 and 1 .0 cm 3 . Animals were given an intravenous injection 
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of one of the following: tTF 219 (16 u.g), tTF 219 (16 u.g) + Factor Vila (1 u.g), tTF 219 (G164A) (64 u.g), tTF 219 (G164A) (64 
jag) + Factor Vila (1 ug), Factor Vila alone (1 jig), or saline. 

[0565] Animals were sacrificed 24 hours after treatment, perfused with saline and heparin and exsanguinated. Tu- 
mors and organs were collected, formalin fixed and histological sections were prepared. The average area of necrosis 

5 in sections of the tumors was quantified and calculated as a percentage of the total area of tumor on the section. 
[0566] In these small HT29 tumors, analysis of tumor sections from animals treated with saline, Factor Vila, tTF 219 
or tTF 219 (G1 64A) showed some necrosis (FIG. 23). The tTF-induced tumor necrosis was the most developed, although 
this was not as striking, on this occasion, as results from earlier studies using different tumor models and/or large 
tumors. An analysis of tumor sections from animals treated with tTF 219 + Factor Vila or tTF 219 (G1 64A) + Factor Vila 

10 revealed considerable necrosis (1 2.5% and 1 7.7% respectively; FIG. 23) and a strong correlation between newly throm- 
bosed blood vessels and areas of necrosis. The combined use of Factor Vila with TF, even a TF construct with par- 
ticularly deficient in vitro coagulating activity, is therefore a particularly advantageous aspect of the present invention. 
As the HT29 tumor model is difficult to thrombose in general and these tumors were small in size, these results are 
likely to translate to even further striking results in other systems and in humans. 

15 
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Ser Gly Thr Thr Asn Thr Val Ala Ala Tyr Asn Leu Thr Trp Lys Ser 
15 10 15 

Thr Asn Phe Lys Thr lie Leu Glu Trp Glu Pro Lys Pro Val Asn Gin 
20 25 30 

Val Tyr Thr Val Gin lie Ser Thr Lys Ser Gly Asp Trp Lys Ser Lys 
35 40 45. 

Cys Phe Tyr Thr Thr Asp Thr Glu Cys Asp Leu Thr Asp Glu He Val 
50 55 60 

Lys Asp Val Lys Gin Thr Tyr Leu Ala Arg Val Phe Ser Tyr Pro Ala 
65 70 75 80 

Gly Asn Val Glu Ser Thr Gly Ser Ala Gly Glu Pro Leu Tyr Glu Asn 
85 90 95 

Ser Pro Glu Phe Thr Pro Tyr Leu Glu Thr Asn Leu Gly Gin Pro Thr 
20 \ 100 105 110 

lie Gin Ser Phe Glu Gin Val Gly Thr Lys Val Asn Val Thr Val Glu 
115 120 125 

25 Asp Glu Arg Thr Leu Val Arg Arg Asn Asn Thr Phe Leu Ser Leu Arg 

130 135 140 



30 Asp Val Phe Gly Lys Asp Leu He Tyr Thr Leu Tyr Tyr Trp Lys Ser 

145 150 155 160 

Ser Ser Ser Gly Lys Lys Thr Ala Lys Thr Asn Thr Asn Glu Phe Leu 
165 170 175 



35 



40 



He Asp Val Asp Lys Gly Glu Asn Tyr Cys Phe Ser Val Gin Ala Val 
180 185 190 

He Pro Ser Arg Thr Val Asn Arg Lys Ser Thr Asp Ser Pro Val Glu 
195 200 205 

Cys Met Gly Gin Glu Lys Gly Glu Phe Arg Glu • 
210 215 
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Gly Thr Thr Asn Thr Val Ala Ala Tyr Asn Leu Thr Trp Lys Ser Thr 
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Asn Phe Lys Thr lie Leu Glu Trp Glu Pro Lys Pro Val Asn Gin Val 
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Tyr Thr Val Gin lie Ser Thr Lys Ser Gly Asp Trp Lys Ser Lys Cys 
50 55 60 

Phe Tyr Thr Thr Asp Thr Glu Cys Asp Leu Thr Asp Glu lie Val Lys 
65 70 75 80 

Asp Val Lys Gin Thr Tyr Leu Ala Arg Val Phe Ser Tyr Pro Ala Gly 
85 90 95 

Asn Val Glu Ser Thr Gly Ser Ala Gly Glu Pro Leu Tyr Glu Asn Ser 
100 . 105 110 

Pro Glu. Phe Thr Pro Tyr Leu Glu Thr Asn Leu Gly Gin Pro Thr lie 
115 120 125 

Gin Ser Phe Glu Gin Val Gly Thr Lys Val Asn Val Thr Val Glu Asp 
130 135, 140 

Glu Arg Thr Leu Val Arg Arg Asn Asn Thr Phe Leu Ser Leu Arg Asp 
145 . 150 155 160 

Val Phe Gly Lys Asp Leu lie Tyr Thr Leu Tyr Tyr Trp Lys Ser Ser 
165 170 175 

Ser Ser Gly Lys Lys Thr Ala Lys Thr Asn Thr Asn Glu Phe Leu lie 



180 185 . 190 

Asp Val Asp Lys Gly Glu Asn Tyr Cys Phe Ser Val Gin Ala Val lie 
195 200 205 

Pro Ser Arg Thr Val Asn Arg Lys Ser Thr Asp Ser Pro Val Glu Cys 
210 215 220 

Met Gly Gin Glu Lys Gly Glu Phe Arg Glu 
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His His His His His His Ala Met Ala Leu Val Pro Arg Gly Ser Gly 
1 5 10 15 

Thr Thr Asn Thr Val Ala Ala Tyr Asn Leu Thr Trp Lys Ser Thr Asn 
20 25 30 

Phe Lys Thr lie Leu Glu Trp Glu Pro Lys Pro Val Asn Gin Val Tyr 
35 40 45 

Thr Val Gin lie Ser Thr Lys Ser Gly Asp Trp Lys Ser Lys Cys Phe 
50 55 60 

Tyr Thr Thr Asp Thr Glu Cys Asp Leu thr Asp Glu lie Val Lys Asp, 
65 70 75 80 

Val Lys. Gin Thr Tyr Leu Ala Arg Val Phe Ser Tyr Pro Ala Gly Asn 
85 90 95 

Val Glu Ser Thr Gly Ser Ala Gly Glu Pro Leu Tyr Glu Asn Ser Pro 
100 105 110 

Glu Phe Thr Pro Tyr Leu Glu Thr Asn Leu Gly Gin Pro Thr lie Gin 
115 120 125 

Ser Phe Glu Gin Val Gly Thr Lys Val Asn Val Thr Val Glu Asp Glu 
130 135 140 

Arg Thr Leu Val Arg Arg Asn Asn Thr Phe Leu Ser Leu Arg Asp Val 
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Phe Gly Lys Asp Leu lie Tyr Thr Leu Tyr Tyr Trp Lys Ser Ser Ser 
165 170 175 

Ser Gly Lys Lys Thr Ala Lys Thr Asn Thr Asn Glu Phe Leu lie Asp 
180 185 190 

Val- Asp Lys Gly Glu Asn Tyr Cys Phe Ser Val Gin Ala Val lie Pro 
195 200 205 



Ser Arg Thr Val Asn Arg Lys Ser Thr Asp Ser Pro Val Glu Cys Met 
210 215 220 

Gly Gin Glu Lys Gly Glu Phe Arg Glu Cys 
225 230 



<210>4 

<211>220 

<212> PRT 

<213> Homo sapiens 

<400> 4 



85 



EP 0 988 056 B1 



10 



15 



Ser Cys Gly Thr Thr Asn Thr Val Ala Ala Tyr Asn Leu Thr Trp Lys 
1 ' 5 • 10 15 . 

Ser Thr Asn Phe Lys Thr lie Leu Glu Trp Glu Pro Lys Pro Val Asn 
20 25 30 

Gin Val Tyr Thr Val Gin lie Ser Thr Lys Ser Gly Asp Trp Lys Ser 
35 40 45 

Lys Cys Phe Tyr Thr Thr Asp Thr Glu Cys Asp Leu Thr Asp Glu lie 
50 55 60 

Val Lys Asp Val Lys Gin Thr Tyr Leu Ala Arg Val Phe Ser Tyr Pro 
65 70 75 80 

Ala Gly Asn Val Glu Ser Thr Gly Ser Ala Gly Glu Pro Leu Tyr Glu 
85 90 95 

Asn Ser Pro Glu Phe Thr Pro Tyr Leu Glu Thr Asn Leu Gly Gin Pro 
20 100 105 110 

Thr He Gin Ser Phe Glu Gin Val Gly Thr Lys Val Asn Val Thr Val 
115 120 125 

25 Glu A SP Ar 9 T hr Leu val Arg Arg Asn Asn Thr Phe Leu Ser. Leu 

130 135 140 

Arg Asp Val Phe Gly Lys Asp Leu He Tyr Thr Leu Tyr Tyr Trp Lys 
145 150 155 160 

30 

Ser Ser Ser Ser Gly Lys Lys Thr Ala Lys Thr Asn Thr Asn Glu Phe 
165 170 175 

Leu He Asp Val Asp Lys Gly Glu Asn Tyr Cys Phe Ser Val Gin Ala 
180 185 190 

Val He Pro Ser Arg Thr Val Asn Arg Lys Ser Thr Asp Ser Pro Val 
195 200 205 

Glu Cys Met Gly Gin Glu Lys Gly Glu Phe Arg Glu 
40 210 215 220 
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Ser Gly Thr Thr Asn Thr Val Ala Ala Tyr Asn Leu Thr Trp Lys Ser 
15 10 15 

Thr Asn Phe Lys Thr lie Leu Glu Trp Glu Pro Lys Pro Val Asn Gin 
20 25 30 

Val Tyr Thr Val Gin He Ser Thr Lys Ser Gly Asp Trp Lys Ser Lys 
35 40 45 

Cys Phe Tyr Thr Thr Asp Thr Glu Cys Asp Leu Thr Asp Glu He Val 
50 55 60 

Lys Asp Val Lys Gin Thr Tyr Leu Ala Arg Val Phe Ser Tyr Pro Ala 
65 70 75 80 

Gly Asn Val Glu Ser Thr Gly Ser Ala Gly Glu Pro Leu Tyr Glu Asn 
85 90 95 

Ser Pro Glu Phe Thr Pro Tyr Leu Glu Thr Asn Leu Gly Gin Pro Thr 
20 1 00 1 05 110 

He Gin Ser Phe Glu Gin Val Gly Thr Lys Val Asn Val Thr Val Glu 
115 120 125 

25 Asp Glu Arg Thr Leu Val Arg Arg Asn Asn Thr Phe Leu Ser Leu Arg 

130 135 140 

Asp Val Phe Gly Lys Asp Leu He Tyr Thr Leu Tyr Tyr Trp Lys Ser 
145 150 155 160 



10 



15 



30 



35 



40 



50 



Ser Ser Ser Gly Lys 'Lys Thr Ala Lys Thr Asn Thr Asn Glu Phe Leu 
165 170 175 

He Asp Val Asp Lys Gly Glu Asn Tyr Cys Phe Ser Val Gin Ala Val 
180 185 190 

lie Pro Ser Arg Thr Val Asn Arg Lys Ser Thr Asp Ser Pro Val Glu 
195 200 205 

Cys Met Gly Gin Glu Lys Gly Glu Phe Arg Glu Cys 
210 215 220 
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Thr Thr Asn Thr Val Ala Ala Tyr Asn Leu Thr Trp Lys Ser Thr Asn 
20 25 30 

Phe Lys Thr He Leu Glu Trp Glu Pro Lys Pro Val Asn Gin Val Tyr 
35 - 40 45 

Thr Val Gin He Ser Thr Lys Ser Gly Asp Trp Lys Ser Lys Cys Phe 
50 55 60 

Tyr Thr Thr Asp Thr Glu Cys Asp Leu Thr Asp Glu He Val Lys Asp 
65 70 75 80 

Val Lys Gin Thr Tyr Leu Ala Arg Val Phe Ser Tyr Pro Ala Gly Asn 
85 '90 95 

Val Glu Ser Thr Gly Ser Ala Gly Glu Pro Leu Tyr Glu Asn Ser Pro 
100 105 no 

Glu Phe Thr Pro Tyr Leu Glu Thr Asn Leu Gly Gin Pro Thr He Gin 
115 120 125 

Ser Phe Glu Gin Val Gly Thr Lys Val Asn Val Thr Val Glu Asp Glu 
130 135 140 

Arg Thr Leu Val Arg Arg Asn Asn Thr Phe Leu Ser Leu Arg Asp Val 
145* 150 155 160 

Phe Gly Lys Asp Leu He Tyr Thr Leu Tyr Tyr Trp Lys Ser Ser Ser 
165 170 175 

Ser Gly Lys Lys Thr Ala Lys Thr Asn Thr Asn Glu Phe Leu lie Asp 
180 185 190 

Val Asp Lys Gly Glu Asn Tyr Cys Phe Ser Val Gin Ala Val He Pro 
35 195 200 . 205 

Ser Arg Thr Val Asn Arg Lys Ser Thr Asp Ser Pro" Val Glu Cys Met 
210 215 220 
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Gly Gin Glu Lys Gly Glu Phe Arg Glu He Cys 
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His His His His His His Ala Met 
1 5 

Thr Thr Asn Thr Val Ala Ala Tyr 
20 

Phe Lys Thr lie Leu Glu Trp Glu 
35 40 



Ala Leu Val Pro Arg Gly Ser Gly 
10 15 

Asn Leu Thr Trp Lys Ser Thr Asn 
25 30 

Pro Lys Pro Val Asn Gin Val Tyr 
45 



Thr Val Gin lie Ser Thr Lys Ser Gly Asp Trp Lys Ser Lys Cys Phe 
50 55 60 

Tyr Thr Thr Asp Thr Glu Cys Asp Leu Thr Asp Glu lie Val Lys Asp 
65 70 75 80 

Val Lys Gin Thr Tyr Leu Ala Arg Val Phe Ser Tyr Pro Ala Gly Asn 
85 90 95 

Val Glu Ser Thr Gly Ser Ala Gly Glu Pro Leu Tyr Glu Asn Ser Pro 
100 105 110 

Glu Phe Thr Pro Tyr Leu Glu Thr Asn Leu Gly Gin Pro Thr lie Gin 
115 120 125 

Ser Phe Glu Gin Val Gly Thr Lys Val Asn Val Thr Val Glu Asp Glu 
130 135 140 

Arg Thr Leu Val Arg Arg Asn Asn Thr Phe Leu Ser Leu Arg Asp Val 
145 150 155 160 

Phe Gly Lys Asp Leu lie Tyr Thr Leu Tyr Tyr Trp Lys Ser Ser Ser 
165 - 170 175 

Ser Gly Lys Lys Thr Ala Lys Thr Asn Thr Asn Glu Phe Leu lie .Asp 
180 185 190 

Val Asp Lys Gly Glu Asn Tyr Cys Phe Ser Val Gin Ala Val lie Pro 
195 200 ' 205 

Ser Arg Thr Val Asn Arg Lys Ser Thr Asp Ser Pro Val Glu Cys Met 
210 215 220 

Gly Gin Glu Lys Gly Glu Phe Arg Glu lie Phe Cys 
225 230 235 
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Ser Gly Thr Thr Asn Thr Val Ala Ala Tyr Asn Leu Thr Trp Lys Ser 

15 10 15 

Thr Asn Phe Lys Thr lie Leu Glu Trp Glu Pro Lys Pro Val Asn Gin 

20 25 30 

Val Tyr Thr Val Gin lie Ser Thr Lys Ser Gly Asp Trp Lys Ser Lys • 

35 40 45 

Cys Phe Tyr Thr Thr Asp Thr Glu Cys Asp Leu Thr Asp Glu He Val 

50 55 60 

Lys Asp Val Lys Gin Thr Tyr Leu Ala Arg Val Phe Ser Tyr Pro Ala 



65 70 75 80 

20 Gly Asn Val Glu Ser Thr Gly Ser Ala Gly Glu Pro Leu Tyr Glu Asn 

85 ' 90 95 

Ser Pro Glu Phe Thr Pro Tyr Leu Glu Thr Asn Leu Gly Gin Pro Thr 
c 100 105 110 



He Gin Ser Fhe Glu Gin Val Gly Thr Lys Val Asn Val Thr Val Glu 
115 120 125 

Asp Glu Arg Thr Leu Val Arg Arg Ash Asn Thr Phe Leu Ser Leu Arg 
130 135 140 

Asp Val Phe Gly Lys Asp Leu He Tyr Thr Leu Tyr Tyr Arg Lys Ser 
145 150 155 160 

Ser Ser Ser Gly Lys Lys Thr Ala Lys Thr Asn Thr Asn Glu Phe Leu 
165 170 175 

He Asp Val Asp Lys Gly Glu Asn Tyr Cys Phe Ser Val Gin Ala Val 
180 185 190 

He Pro Ser Arg Thr Val Asn Arg Lys Ser Thr Asp Ser Pro Val Glu 
195 200 205 

Cys Met Gly Gin Glu Lys Gly Glu Phe Arg Glu 
210 215 



<210>9 
<211> 219 
<212> PRT 
<21 3> Homo sapiens 
55 <400> 9 
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Ser Gly Thr Thr Asn Thr Val Ala Ala Tyr Asn Leu Thr Trp Lys Ser 

X 5 10 15 

Thr Asn Phe Lys Thr He Leu Glu Trp Glu Pro Lys Pro Val Asn Gin 

20 25 30 

Val Tyr Thr Val Gin He Ser Thr Lys Ser Gly Asp Trp Lys Ser Lys 

35 40 45 



10 



Cys Phe Tyr Thr ' Thr Asp Thr Glu Cys Asp Leu Thr Asp Glu He Val 
50 55 60 



15 



Lys Asp Val Lys Gin Thr Tyr Leu Ala Arg Val Phe Ser Tyr Pro Ala 
65 70 75 80 

Gly Asn Val Glu Ser Thr Gly Ser Ala Gly Glu Pro Leu Tyr Glu Asn 
85 90 95 



20 



Ser Pro Glu Phe Thr Pro Tyr Leu Glu Thr Asn Leu Gly Gin Pro Thr 
100 105 110 



25. 

lie .Gin Ser Phe- Glu Gin Val Gly Thr Lys Val Asn Val Thr Val Glu 
. 115 120 125 

Asp Glu Arg Thr Leu Val Arg Arg Asn Asn Thr Phe Leu Ser Leu Arg 
30 130 135 140 

Asp Val Phe Gly Lys Asp Leu He Tyr Thr Leu Tyr Tyr Trp Lys Ser 
145 150 155 * 160 

35 Ser Ser Ser Ala Lys Lys Thr Ala Lys Thr Asn Thr Asn Glu Phe Leu 

165 170 175 

He Asp Val Asp Lys Gly Glu Asn Tyr Cys Phe Ser Val Gin Ala Val 
180 185 190 



40 



55 



He Pro Ser Arg Thr Val Asn Arg Lys Ser Thr Asp Ser Pro Val Glu 
195 200 205 

Cys Met Gly Gin Glu Lys Gly Glu Phe Arg Glu 

210 215 



<210> 10 
50 <211>657 
<212> DNA 
<213> Homo sapiens 
<400> 10 
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tcaggcacta caaatactgt ggcagcatat aatttaactt ggaaatcaac taatttcaag 60 
acaattttgg agtgggaacc caaacccgtc aatcaagtct acactgttca aataagcact 120 
aagtcaggag attggaaaag caaatgcttt tacacaacag acacagagtg tgacctcacc 180 
gacgagattg tgaaggatgt gaagcagacg tacttggcac gggtcttctc ctacccggca 240 
gggaatgtgg agagcaccgg ttctgctggg gagcctctgt atgagaactc cccagagttc 300 
acaccttacc tggagacaaa cctcggacag ccaacaattc agagttttga acaggtggga 360 
acaaaagtga atgtgaccgt agaagatgaa cggactttag tcagaaggaa caacactttc 420 
ctaagcctcc gggatgtttt tggcaaggac ttaatttata cactttatta ttggaaatct 480 
tcaagttcag gaaagaaaac agccaaaaca aacactaatg agtttttgat tgatgtggat 540 
aaaggagaaa actactgttt cagtgttcaa gcagtgattc cctcccgaac agttaaccgg 600 
aagagtacag acagcccggt agagtgtatg ggccaggaga aaggggaatt cagagaa 657 

<210> 11 
<211> 13865 
<212> DNA 
<213> Homo sapiens 
<400> 11 



gaattctccc agaggcaaac tgccagatgt gaggctgctc ttcctcagtc actatctctg 60 
gtcgtaccgg gcgatgcctg agccaactga ccctcagacc tgtgagccga gccggtcaca. 120 
ccgtggctga caccggcatt cccaccgcct ttctcctgtg cgacccgcta agggccccgc 180 
gaggtgggca ggccaagtat tcttgacctt cgtggggtag aagaagccac cgtggctggg 240 
agagggccct gctcacagcc acacgtttac ttcgctgcag gtcccgagct tctgccccag 300 
gtgggcaaag catccgggaa atgccctccg ctgcccgagg ggagcccaga gcccgtgctt 3 60 
tctattaaat gttgtaaatg ccgcctctcc cactttatca ccaaatggaa gggaagaatt 420 
cttccaaggc gccctccctt tcctgccata gacctgcaac ccacctaagc tgcacgtcgg 480 
agtcgcgggc ctgggtgaat ccgggggcct tgggggaccc gggcaactag acccgcctgc 540 
gtcctccagg gcagctccgc gctcggtggc gcggttgaat cactggggtg agtcatccct 600 
tgcagggtcc cggagtttcc taccgggagg aggcggggca ggggtgtgga ctcgccgggg 66 0 
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gccgcccacc gcgacggcaa gtgacccggg 
gggcgggcgc cgggggcggg cagaggcgcg 
gcggggcacc ggctccccaa gactgcgagc 
ggcccagggc gccttcagcc caacctcccc 
tctcgccgcc aactggtaga catggagacc 
accgccgtcg ctcggacgct cctgctcggc 
ggtgagtggc accagcccct ggaagcccgg 
tcctggctgg cagcgggctc gccctggttc 
acgggactcg gctgcgctca cccagcccgg 
cgggagttgc agggagggag ttggcgcccc 
ttgctcgggg tgtccgagta attggactgt 
ttaactctgg ggaaagggct tcccagtgag 
ctgcgtctgc acgtgttggc gtgcagaggt 
ttcccttaat aaagagcgtc cctggtcttt 
gaggcaatcc aaaagggctg gattgctgct 
ccccgtattt ctacgaggtg ttcgggacgg 
aaagcagacc ttcataagaa ataatcctga 
acgtccccgt gggtctctgt ggaagtttca 
aagtgaagtt tggctttttt catttgtatg 
ttatcttttt ccataactta ctgaaaaccc 
agctgagtcc tggactggca cactgatggc 
ggctttgccc atgaataatt tcaaacgaaa 
tacaaggtga atcttgtcat gaagaaattc 
tctcttgata attcactaat gaagcttttg 
tgatgtcagg tgggaaggtg • ttttatacat 
aataatagct gtttctctgt tgtttaaagg 
aacttggaaa tcaactaatt tcaagacaat 
agtctacact gttcaaataa ggtaagctgg 
gtttctactg tcctatgctg aacaagaatg 
ttaacagatg acgaagaaga agggattctt 
taggcctgca acatttccag accttaaact 
ttggaaatga tgggagagtt cctaagtgga 
agtaggcact gaagtgtgct ttgggtcatg 
tgtctttttc cgttgctgtc tagactgtga 
ggaggaatcc caatgtatac attgccctta 
ccatgaatcg aaatctggta gaatacatga 
actgagcctg gcagagcaga aatactctgc 
tgcttcttgg tgcttcaact ctgactggca 
ttcaatctaa aggttatgac ttccttgatg 
tttttgaaat gttctaggag gcttggtaga 
gaaattattt taatgctaat ' tacataaaag 
tattttgctg ttctgttttg ttttagcttg 
acttctagat aacgatgcat cttttaagtg 
gacagtagtt gccaaaccag caaggagaac 
atgtatgggg gtggggggag agaaagatga 
agttctggtc aaacttgtca attcagattt 
tgatacaggc ctgaagttta ccttagtaaa 
tttgggagga atgcttacct cctaaatata 
tatatttatg attcatctgc tttttaaaca 
tttataaggc tgctgttatt taaatgagca 
gggctacagc ttgggggatg ccagccgact 
tgctgctgta ctggagggcc tgggagcttt 
ttctcctgcc caccccagga ataaatgaga 
tttacagttg aggaaactgt tgctctgaga 
ggtgagtgcc catgtcaggt ctggaaccaa 
ctcaggtggc tctgccacag tctgatggga 
ttgcccactg catctcctca gttggccttc 



ccgggggcgg ggagtcggga ggagcggcgg 720 
ggagagcgcg ccgccggccc tttatagcgc 780 
tccccgcacc ccctcgcact ccctctggcc 840 t 
agccccacgg gcgccacgga acccgctcga 900 
cctgcctggc cccgggtccc gcgccccgag 960 
tgggtcttcg cccaggtggc cggcgcttca 102 0 
ggcgcgccac acgcaggagg gaggcgacag 1080 
cccggggcgc ccatgttgtc ccccgcgcct 1140 
cttgaatgaa ccgagtccgt cgggcgccgg 12 00 
agaccccgct gccccttccg ctggagagtt 1260 
tgttgcataa gcggactttt agctcccgct 1320 
ttgcgacctt caatatgata ggacttgtgc 1380 
ttggatatta tctttcatta tatgtgcatc 1440 
tcctggccat ctttgttcta ggtttgggta 1500 
tagattggag caggtacaac gttgtgcatg 1560 
cgtagagact gggacctgct gcgtactggc 1620 
tccaatacag ccgacggtgt gacaggccac 1680 
gtgtagcgac atttcagata aaagtggaaa 1740 
cagtcctaac tcttgtcaca cgtgtgggat 1800 
ttcctggcgg gctgaacctg actcttcctg 1860 
tct ggg ctct tcccggtcaa gttataacaa 1920 
atgtcaagat ccttgccggt gtcctgggat 1980 
taggjtctaga aaaaatttga agattctttt 204 0 
tggttgaaaa ataaaaagtg aggtttatgg 2100 
caatacattc gagtgctctg aagtgcatgt 2160 
cactacaaat actgtggcag catataattt 2220 
tttggagtgg gaacccaaac ccgtcaatca 2280 
<gtacagaaaa agaaaattaa ggtctttgat 2340 
tctttaaagc tgattactgg atgaaattat 2400 
ggcaattcgc tggccggtgt catactctat 2460 
gatagaacat tttaattgtt ttaattgttt 2 520 
gtataaactg tggagagatg aaccatcttg 2580 
atagattaat taatctcatc taaacattga 2640 
acaatgtcta acaccttagg gaagaggtgg 27 00 
agcagtgttt gattcattca tctttggact 2760 
tcttagtgga ggaggccaaa tgcgtgactc 2B20 
tgtctgcacc ctctgggtct ggtgtggctc 2 8 80 
gctgtcccca ggaggcgata attcagcatg 2940 
gttttcacca tattcttggc aagtttttgg 3000 
gatcttatga aatagagaat agctgctgtg 3 060 
tacaaaagta gcactagcta aaacaaaagg 3120 
tgccaggcct tttacagcat taggaatgca 3180 
aatgttcttg tttttcaaaa tgaacttcat 3240 
ttgcatgcat acgtgcatgc atgtgtggat 33 00 
aggaatttca taacatgaaa taatgattac 3360 
caccaattga gaattagtaa gtaatttctc 3420 
cactttactt ccatatggta aaaattagat 3480 
ttcaatctaa tatttgagga cacatgggaa 3 540 
taagcctttg ttaactgtaa gttcttgaac 3600 
cagctcctga tctgcaaaca gcagagcgca 3660 
cagggtggtc ctgtggactg aacaatctct 3 720 
tccatcagcc tcggcctgag gtgtgcactc 3 780 
ttcctggtta aaaaggacca. gagcagtcat 3840 
agtgagggat ttattcatga ctacactgat 3900 
agtctaccca gtatccacac accaccatcc 3 960 
ggctccaaag cgggaggaag aaggaaagtc 4 020 
ctctctgcct gttttccctc cctacagtta 4080 
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gcatcttaag cagctgcctc tcttccctcc 
agccgcagga cactactgct: gtgcagaagc 
cctttgctaa cagttttcag tggtggttgg 
accgtcaccg gtgatattca ttccatggaa 
agcttctgga aaacaacctg caaccaaatt 
tccaaatcag agggttttgc aatgcctgga 
ctattaatgg cattcagagg gattttctac 
gttttactac ttaccagggt actgtataaa 
tggtccctgc tgtgagctgg gaggaaccaa 
ctaggagact ttctcctgtt atctgaacaa 
catagtctca ttcacttttt gaaatggaaa 
ggaacaaaat accctctcta cttttatcac 
ttcagtatca atcttagttt gtgcacttta 
tggcctggtt acttagttca gattttgaaa 
tttagacaat ggaatccatg tggtgcctcg 
tgtaaatgca aaccatctaa tagtcagcga 
acacaagggc atgcagccct cgtaccaggc 
gaaactcatg ctgggggaca ggggagggag 
ttcctggagc aggtggagtt gggacctggc 
gtaatgccaa agggaagagc agcataactg 
caagttgcag tgacgcttca cctatttatt 
agtagaagtc ctttaaatca tttccccttc 
ttagcttttt agtctcagac tttattagac 
tttgttggga tggattcaca tcttgcaaag 
cagacccagc tctgccactc gttagatatg 
agcttcagtg tcctcatgga taagaaagat 
tgaagtaaca tgagtaaagg gtccagcaga 
attaataata ttattaatag tggtcatgag 
ctcactatat agactctatt ctacatagaa 
taagtagact atagtaaaca. acctcacttt 
gctctttctc tcctgttacc ctgacagaga 
caaaatggtt gagtacagat ccaagagtca 
tgattttgag ctagtcaccc aatctcactt 
gcaaattaca gagccatccc ctgggttgct 
cggtgttgct aggtatgatg gctcacacct 
gaaggatcag cctgggcaac atagcaggac 
agcaaagtgc tcagcacagt gactgcatca 
gcacagaaca ccacagccag gaagcagtct 
tttatgtttc ttccttcttt tctttcttta 
gcttttacac aacagacaca gagtgtgacc 
agacgtactt ggcacgggtc ttctcctacc 
cnggggagcc tctgtatgag aactccccag 
ttgggctgta ataccgttca ttcttgttag 
ctttaggggc tacaaaatna aaaatattta 
acagccctct tcacacattc cagatguggt 
ctgatgacag tgtcatcaag taactttctc 
cctcagtaag cggctgaatg tgtgttggga 
ggaaatccac caaggccggg gttttagctt 
tttctgtccc gttatcacac taaaaatccc 
tcaatgagga aagtccatgg tttccctctg 
tttctaatca gttggccatg atttgagttc 
gcctgtcacc ctcgttctgg ttttggaaag 
ctgtaagctg gccctaggag ccagtaaaag 
ttattctttt gccgcaactg tggctctgag 
attgagtaga gtgaaattag cttctcctgt 
gcgagtgtta ggcccagcga gagagaacag 
ggtggacgga caaccaacca accatcctcc 



cgactgctct cactactgca gcctggctcc 4140 
ccctacttgg aactccaact gcatttttca 4200 
gaaatgttat tggcttaagc cttagcacaa 4260 
atgttctgaa ttctaaagct gaatttacaa 4320 
agtgactgaa ttttttagtt aactcaaaat 4 3 80 
ggaaccttgg aggcttttaa agtgttaatg 4440 
agaattgtcc cttcattacc tgtttataca 4500 
tccttgtgct aaattttgct atagagtatg 4560 
atactgtatc tctatgttac atagaaagcc 4620 
ctatttgctg tactgataaa aaggaaacag 4680 
tgataaaata aaacacattt tggtcattcg 4740 
ataaaattaa ataaatagaa accaaaatat 4800 
ggataaagaa tgtgtttacc caaatccttt 4860 
gaaaatatat ttgtggcttt tatgtgtgaa 4920 
ttttccctga gattatgtat taattcaacc 4980 
gaccctatag ccctgctgct taatgggggc 5040 
agactgtgtt catattaaca gcatcgtgga 5100 
atgtaaatgc tcagcaggga gatctggaga 5160 
ctrtgaacgat gggtctggct ctggcagtca 522 0 
tcactttcca tgggacagaa gtgtgtgaat 5280 
attttggtca tttagaagaa tttcattgtc 5340 
agtgacgtct cacaaaaaaa agatctgtct 54 00 
agatactacc tgtactctta ttctgtaatc 5460 
gaagggaggc atgtagtata atggggcaaa 552 0 
tgaccttctg caagttgctt agtgcctgtg 5580 
ccaacacctt cttggaagga ttatatcaaa 5640 
atacctggca tatagtggag tcaatgaatg 5700 
agatatatgt ataacatgtt attatgtaga 5760 
tatagaacat tatataacaa acaactataa 5820 
gtctcagttg cctcatcttg atggaaaact 5880 
gcgtctacat tctaaaagaa agatatttaa 5940 
aatagctgtc tggttcaaag tccagctgtg 6000 
tgtctcagta gccttatttg taaaaacaag 6060 
atgaggactc aaacatgcat cccaagtgct 6120 
gtacattcag cactttggga ggccgaagca 6180 
cccatctcta caaaacaatg tttaaaaaaa 6240 
ttaggattga ttgtagggct cctgatgtta 63 00 
atcttgttgg gtgcaaattg taacattcca 6360 
gcactaagtc aggagattgg aaaagcaaat 6420 
tcaccgacga gattgtgaag gatgtgaagc 64 8 0 
cggcagggaa tgtggagagc accggttctg 654 0 
agttcacacc ttacctggag agtaagtggc 66 00 
aaacgtctga acattctcgt gatcttgtgc 6660 
ttcttttttt ctcagaaact ggtatgtatc 6720 
aggaggttca cagaatgtga acttttggag 6 7 80 
ccccagtctg tccccagacc ctgttactgt 6840 
gagggcgggc cagggaagcg ggtagggata 6900 
ttccctatat atatatcatg tatcctgatt 6960 
agttgaggat ttttcccaaa cggtcataaa 7020 
agcccataat tagcctaatt atgctgacct 7080 
cgtgatgtgc cagcacctgc ccagccatct 7140 
gtggaatact ttcctcctca gcctttgccc 7200 
aatgaagaga attcctgtca agtaggagat 7260 
ctaggcaatt tagataaatg catgtagcac 7320 
aaggccagct ggttagaatg aaggtgttgt 7380 
tttctcaagg taggaatggt gaaaagaagg 744 0 
tctggtatct actttgaggg ttgaaatagg 7500 
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gggcctgacc ccaggtgaat. gtggctgcct 
gacccccagg tgcttctgct tgtgtctttt 
gcagcccctc tggtgactgt gccatggttg 
ctcatgattc tcttttatat taatagttct 
ttgttggtgc aagatagaag atattttatg 
ggcctgtgaa ttgatgtttg ttttcctgtc 
cattgcagag accccgtggt taaatccggc 
tttctcacag ccctacatat ttttgaacct 
tcagtatagt agccactagc cacatgtggc 
taagtataaa gtacacactg gaatttaaga 
tgattacaca ttaaaatgat tatattccag 
ctgagaggca ccgactccct gtgcagttga 
cttaactact aatagcctac ctatcggttg 
aacagtcaat taacacacat ttttcatgtt 
aagtaagcta gaggaaagaa aatgttatta 
ggtggctcgt gcctgtaatc tcagaacttt 
tcaggagttc aagaccagcc tggccaacat 
aaattagcca ggcgtggttg tgggtgcctg 
gagaatcact tcgacccagg tggaggaggt 
ccggcctggg tgacagagcg agactctgtc 
gaaaagaaaa gaaaagaaag aaggaaggaa 
tttactattg ataaagtgga agtggatcat 
gttgagtagg ctgaggagga ggaggaggag 
tggaggaagt aggaggcggc acacttggtg 
gtggatccac agagttcaaa cccatgttgt 
atatattatt aaaattaatt tcacctgttc 
aaacttaaaa tgacatctga ggctccattg 
tgtcttagga ttcagctcca ggccgccacg 
acatgtttta tatgagagat aattaagttg 
tfcgtacagaa ttctttggtt ccaaccaagc 
agccaacaat tcagagtttt gaacaggtgg 
aacggacttt agtcagaagg aacaacactt 
acttaattta tacactttat tattggaaat 
aatttgtttt tatgacctgt tttaaattgt 
ccaattcaaa aatagcagaa cagagttgtt 
gcactgtggg gaggggtgga caacaggcct 
gactctggca gggccccctc ggagacccag 
tctctaaagg tcccgccacg ctca.ca.tttc 
ttgtttttgg ttcaatgcat aatactccct 
aaggggctca atagggttca atatgcctaa 
ttttagcagt gatcaaggga aactgattag 
ctgtgttctt gtaggctttg cttagaacct 
ggggaaagaa ttgactcaga gcccagatga 
gccaaaacaa acactaatga gtttttgatt 
agtgttcaag cagtgattcc ctcccgaaca 
gagtgtatgg gccaggagaa aggggaattc 

tggggg^tg ggtgctgtgg gtgacttctg 

atacttcctt ggttaaatat tcaggaaaac 
gtttgttttg gttttgattt tgctttggta 
tctgtgttga ttgtgccctt gtattagcag 
gccctctgct gagcactgga tacacaaact 
ttccctgggc attttttcat gcttaaattc 
caacaggaca cagtagacat tcgtgagtac 
gagtctaacc catcaaggga agggattgag 
gtgtatatgg cggacacgtg tgtgtacatg 
tgtgcgagga acagtcccta accggaagtg 
gcaagcctgt gtgtctcgat ccatgcctta 



tcccagagcc cccatttgca agaccctcca 7560 
gtggcaccag gcaagaatgt agcagcgtca 7620 
acattcattt cccccctaat taatggcatc 7680 
tgagtttttt tgtaagctac ttcaaatcct 7740 
tgtttgtttt gcatgtgcac acacatattt 7800 
atttaaccaa agcacatgag ataattgagc 7860 
ttctcgaggt accaaggaca tttcctgggc 7920 
aaaatatcgt agtttatgct accaccctgt 7980 
tgttgaccac ttgaaatatg gctaatgctc 8040 
agtgtagaat atctcaaaac ttttttatat 8100 
atatatgcag ttgactcaag caatgcatgg 8160 
aaatccgagt ataacttgac tccccaaaaa 8220 
actgttgact gcagccttac caataagata 8280 
gcgtgtatta tatactgtat tcttacaata 8340 
agaaaattat aaggaaaaga ggctgggcat 8400 
gggatgctaa ggcgggtgga tcacttgagg 8460 
ggtgaaaccc catctctact aaaaatacaa 8520 
taatcccagc tacttgggag gctgaggcag 8580 
tgcagtgaac tgagattgcg ccactgcact 8640 
taaaaaagaa agggaaagaa agaaaaaaaa 87 00 
gagaaagaat tataaggaag agaaaatata 87 60 
cataaaggtg ttcatcctcg tcatcttcat 8820 
gaagagcagg ggccacggca ggagaaaaga 8880 
■taacttttat ttaaaaaaat ttgcatacaa 8940 
tcaggggtca actgtctttg gttaaataaa 9000 
ctttttactt tttctaatgt gactactaga 9060 
tcttcccctt gggccagcac taccacagaa 9120 
cctgcttctt tcagggagct ggttctatgc 9180 
tcaattgtga taacaaaaca ggatttgact 9240 
tcatttcctt tgtttcagca aacctcggac 9300 
gaacaaaagt gaatgtgaco gtagaagatg 93 60 
tcctaagcct ccgggatgtt tttggcaagg 9420 
cttcaagttc aggaaaggtg agcatttttt 94 80 
gaatacttgg. ttttacaacc catttcttcc 9540 
gagaaggtga tggagtagaa gggggagcgc 96 00 
ggtcctacct gtgactctgc actaccctgt 9660 
gttcctcagc caaccggctg gatcaggtca 9720 
tccctctatt gaggatccca ggca.caaaat 9780 
tcctttttct tttactgcag atatcttcta 9840 
attggatctt ctcagtcttg gaaaaggcat 9900 
cgaagtcact tctaatcctt cacgtgtcag 9960 
aggtttttac ttccacagtg acttaataaa 10020 
attaagaact ctatcttttt acagaaaaca 10080 
gatgtggata aaggagaaaa ctactgtttc 10140 
gttaaccgga agagtacaga cagcccggta 10200 
agaggtgagt ggctctgcca gccatttgcc 10260 
gaggagtagc tccaccctca gggctgggat 1032 0 
aaactgcctg gaggtttttt gttgttattt 10380 
caaaaaagat tttggacatt tagaaatgtt 10440 
gtgttttctt gagcacctgt catgtgctaa 10500 
gtgtttagga tttagcaaca agtcacagat 10560 
taattctggg ggtggcttct ggaccagctg 10620 
ccactgtggg ctgttgccac agaggctgta 10680 
tatatcaaat atacccacat gcatgcatgt 10740 
catgtgcata tgttgggagc tcaggcccat 10800 
ct 9tgggcct tcagactctt gcaggaagct 10860 
cagggaaagt attctgagta ctttcagtga 10920 
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agaaaagagt caggggatat aaacgatggc ttacgctggg tgtggtggct cacgcctgta 10 980 
gtccctgcac tttgggaggc ccagacaggc aaatcacttg aggtcaggag tttgggacca 11040 
gcctggccaa catggtaaaa gcccatctct actcaaaata caaaaagtag ctgggtgtgg 11100 
ttgcacgtgt ctgtagtccc agctactcag gaggttgagg caggagaatt gcttgaacct 11160 
gggaggcgga ggctgaagtg agctgagatt ggaccactgt actccagcct gggtgacaga 1122 0 
gcgagattcc atctcaaaaa aaaaaaaaag aaacaacgaa aaaagaaatg atggcttagc 112 8 0 
tccatgtgaa gatcatattt gaacatttta aaacacttta aataaactgt tctctcctgt 11340 
ttattgccac tgacaggaga" ggtttctctt tacctctggt cctgcacccc tctgagccat 11400 
cctacccaca gccttcagtc attgtcctaa agcctagctc taattccact gcctctcctt 11460 
ttgtgcacac acacttctct gcttccctgg ccgttctcta tcttggagag gcatttcaaa 11520 
cgccacttcc accagaaggc cttgctactg caccaactag ttactatctc ttcttcaccc 11580 
aaatcctggt agcactttgg atctcccact tgcacttagg gttcaccttc cgttataatc 11640 
attgccatca atctcagcat cgttttaggc acttctttcc agccattgtt cttacctcca 11700 
actacatatc ttttctggac tgtgcattat tcagtttatt aaatgcccat' taaatgtgtt 11760 
tagccattgt caattactct gaaacgttca ggttttgaca aattctttcc taatgtaagt 11820 
gtggtggaaa gagtgaaaga aagtcaaatt gcacaaaaat aggatggtgt aatttggggt 11880 
tatgccgtca attttgtcca ctgataaatg ggatttgagc tctccaagtt gactagatgc 11940 
cctttatttt tcagaaatat tctacatcat tggagctgtg gtatttgtgg tcatcatcct 12000 
tgtcatcatc ctggctatat ctctacacaa gtgtagaaag gcaggagtgg ggcagagctg 12060 
gaaggagaac tccccactga atgtttcata aaggaagcac tgttggagct actgcaaatg 12120 
ctatattgca ctgtgaccga gaacttttaa gaggatagaa tacatggaaa cgcaaatgag 1218 0 
tatttcggag catgaagacc ctggagttca aaaaactctt gatatgacct gttattacca 1224 0 
ttagcattct ggttttgaca tcagcattag tcactttgaa atgtaacgaa tggtactaca 12 300 
accaattcca agttttaatt tttaacacca tggcaccttt tgcacataac atgctttaga 12360 
ttatatattc cgcactcaag gagtaaccag gtcgtccaag caaaaacaaa tgggaaaatg 12420 
tcttaaaaaa tcctgggtgg acttttgaaa agcttttttt tttttttttt tttttgagac 124B0 
ggagtcttgc tctgttgccc aggctggagt gcagtagcac gatctcggct cactgcaccc 12540 
tccgtctctc gggttcaagc aattgtctgc ctcagcctcc cgagtagctg ggattacagg 12600 
tgcgcactac cacgccaagc taatttttgt attttttagt agagatgggg tttcaccatc 12660 
tt-SSJccaggc tggtcttgaa ttcctgacct caggtgatcc acccaccttg gcctcccaaa 12720 
gtgctagtat tatgggcgtg aaccaccatg cccagccgaa aagcttttga ggggctgact 12780 
tcaatccatg taggaaagta aaatggaagg aaattgggtg catttctagg acttttctaa 12840 
catatgtcta taatatagtg tttaggttct tttttttttc aggaatacat ttggaaattc 12 900 
aaaacaattg gcaaactttg tattaatgtg ttaagtgcag gagacattgg tattctgggc 12 96 0 
accttcctaa tatgctttac aatctgcact ttaactgact taagtggcat taaacatttg 13 02 0 
agagctaact atatttttat aagactacta tacaaactac agagtttatg atttaaggta 13 08 0 
cttaaagctt ctatggttga cattgtatat ataatttttt aaaaaggttt tctatatggg 13140 
gattttctat ttatgtaggt aatattgttc tatttgtata tattgagata atttatttaa 13200 
tatactttaa ataaaggtga ctgggaattg ttactgttgt acttattcta tcttccattt 13260 
attatttatg tacaatttgg tgtttgtatt agctctacta cagtaaatga ctgtaaaatt 13320 
gtcagtggct tacaacaacg tatctttttc gcttataata cattttggtg actgtaggct 13380 
gactgcactt cttctcaatg ttttctcatt ctaggatgca aaccaatgga gaagccccta 13440 
attagatcag ggcagaggga aaaacaaaaa actggtagaa accggcaacc acagcttcaa 13500 
gctttaagcc catctcctac acttctgctc tgtacgtgcc cattgtcact tctgttcaca 13560 
tgctactgtc ccaagcaagt gaccaagcct gacaatactt tgtctactgg agtcactgca 13620 
aggcacatga cggggcaggg atgtcgtctt acagggaaga gaaaagataa tgctctctac 13680 
tgcagacttg gagagatttc ttcccattgg cagtagtttg actaattgga gatgagaaaa 13740 
aaagaaacat tcttgggatg attgtattga aacaaaatta ggtaaaagga caatatagga 13 800 
tagggagaga tataagtgga atgagatctc tagagtccat taaaagcaag ctagattgag 13 860 
agctc 13865 

<210> 12 

<211>263 

<212> PRT 

<213> Homo sapiens 
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10 



15 



<400> 12 

Ser Gly Thr Thr Asn Thr Val Ala Ala Tyr Asn Leu Thr Trp Lys Ser 
15 10 15 

Thr Asn Phe Lys Thr lie Leu Glu Trp Glu Pro Lys Pro Val Asn Gin 
20 25 30 

Val Tyr Thr Val Gin lie Ser Thr Lys Ser Gly Asp Trp Lys Ser Lys 
35 40 45 

Cys Phe Tyr Thr Thr Asp Thr Glu Cys Asp Leu Thr Asp Glu lie Val 
50 55 60 

Lys Asp Val Lys Gin Thr Tyr Leu Ala Arg Val Phe Ser Tyr Pro Ala 
65 70 75 80 

Gly Asn Val Glu Ser Thr Gly Ser Ala Gly Glu Pro Leu Tyr Glu Asn 
85 90 95 

Ser Pro Glu Phe Thr Pro Tyr Leu Glu Thr Asn Leu Gly Gin Pro Thr 
100 105 110 ' 

He Gin Ser Phe Glu Gin Val Gly Thr Lys Val Asn Val Thr Val Glu 
25 Us 120 125 

Asp Glu Arg Thr Leu Val Arg Arg Asn Asn Thr Phe Leu Ser Leu Arg 
130 135 • 140 

30 Asp Val Phe Gly Lys Asp Leu lie Tyr Thr Leu Tyr Tyr Trp Lys Ser 

145 150 155 160 

Ser Ser Ser Gly Lys Lys Thr Ala Lys Thr Asn Thr Asn Glu Phe Leu 
165 170 175 

35 

He Asp Val Asp Lys Gly Glu Asn Tyr Cys Phe Ser Val Gin Ala Val 
180 185 190 



20 



40 



45 



50 



55 



He Pro Ser Arg Thr Val Asn Arg Lys Ser Thr Asp Ser Pro Val Glu 
195 200 205 

Cys Met Gly Gin Glu Lys Gly Glu Phe Arg Glu He Phe Tyr He .He 
210 215 220 

Gly Ala Val Val Phe Val Val He He Leu Val* He He Leu Ala lie 
225 230 235 240 

Ser Leu His Lys Cys Arg Lys Ala Gly Val Gly Gin Ser Trp Lys Glu 
245 250 255 

Asn Ser Pro Leu Asn Val Ser 
260 



<210> 13 
<211>1440 
<212> DNA 
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<213> mammalian 



<400> 13 



tcaacaggca ggggcagcac tgcagagatt tcatcatggt ctcccaggcc ctcaggctcc 60 
tctgccttct gcttgggctt cagggctgcc tggctgcagg cggggtcgct aaggcctcag 12 0 
gaggagaaac acgggacatg ccgtggaagc cggggcctca cagagtcttc gtaacccagg 180 
aggaagccca cggcgtcctg caccggcgcc ggcgcgccaa cgcgttcctg gaggagctgc 240 
ggccgggctc cctggagagg gagtgcaagg aggagcagtg ctccttcgag gaggcccggg 300 
agatcttcaa ggacgcggag aggacgaagc tgttctggat ttcttacagt gatggggacc 360 
agtgtgcctc aagtccatgc cagaatgggg gctcctgcaa ggaccagctc cagtcctata 42 0 
tctgcttctg cctccctgcc ttcgagggcc ggaactgtga gacgcacaag gatgaccagc 48 0 
tgatctgtgt gaacgagaac ggcggctgtg agcagtactg cagtgaccac acgggcacca 540 
agcgctcctg tcggtgccac gaggggtact ctctgctggc agacggggtg tcctgcacac 6 00 
ccacagttga atatccatgt ggaaaaatac ctattctaga aaaaagaaat gccagcaaac 660 
cccaaggccg aattgtgggg ggcaaggtgt gccccaaagg ggagtgtcca tggcaggtcc 720 
tgttgttggt gaatggagct cagttgtgtg gggggaccct gatcaacacc atctgggtgg 780 
tctccgcggc ccactgtttc gacaaaatca agaactggag gaacctgatc gcggtgctgg 840 
gcgagcacga cctcagcgag cacgacgggg atgagcagag ccggcgggtg gcgcaggtca 900 
tcatccccag cacgtacgtc ccgggcacca ccaaccacga catcgcgctg ctccgcctgc 960 
accagcccgt ggtcctcact gaccatgtgg tgcccctctg cctgcccgaa cggacgttct 1020 
ctgagaggac gctggccttc gtgcgctcct cattggtcag cggctggggc cagctgctgg 108 0 
accgtggcgc cacggccctg gagctcatgg tgctcaacgt gccccggctg atgacccagg 114 0 
actgcctgca gcagtcacgg aaggtgggag actccccaaa tatcacggag tacatgttct 1200 
gtgccggcta ctcggatggc agcaaggact cctgcaaggg ggacagtgga ggcccacatg 12 6 0 
ccacccacta ccggggcacg tggtacctga cgggcatcgt' cagctggggc cagggctgcg 132 0 
caaccgtggg ccactttggg gtgtacacca gggtctccca gtacatcgag tggctgcaaa 13 8 0 
agctcatgcg ctcagagcca cgcccaggag tcctcctgcg agccccattt ccctagccca' 144 0 



<210> 14 
<211>466 
<212> PRT 



<213> mammalian 
<400> 14 
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Met Val Ser Gin Ala Leu Arg Leu Leu Cys Leu Leu Leu Gly Leu Gin 
1 * 5 10 15 

Gly Cys Leu Ala Ala Gly Gly Val Ala Lys Ala Ser Gly Gly Glu Thr 
20 25 30 

Arg Asp Met Pro Trp Lys Pro Gly Pro His Arg Val Phe Val Thr Gin 
3 5 40 45 



10 



Glu Glu Ala His Gly Val Leu His Arg Arg Arg Arg Ala Asn Ala Phe 
50 55 60 



15 



Leu Glu Glu Leu Arg Pro Gly Ser Leu Glu Arg Glu Cys Lys Glu Glu 
65 70 75 80 

Gin Cys Ser Phe Glu Glu Ala Arg Glu lie Phe Lys Asp Ala Glu Arg 
85 90 95 



20 



Thr Lys Leu Phe Trp lie Ser Tyr Ser Asp Gly Asp Gin Cys Ala Ser 
100 105 110 



Ser Pro Cys Gin Asn Gly Gly Ser Cys Lys Asp Gin Leu Gin Ser Tyr 
115 120 125 



25 



lie Cys Phe Cys Leu Pro Ala Phe Glu Gly Arg Asn Cys Glu Thr His 



30 



35 



40 



45 



50 



55 
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10 



25 



130 135 140 

Lys Asp Asp Gin Leu lie Cys Val Asn Glu Asn Gly Gly Cys Glu Gin 
145 150 155 160 

Tyr Cys Ser Asp His Thr Gly Thr Lys Arg Ser Cys Arg Cys His Glu 
165 170 175 

Gly Tyr Ser Leu Leu Ala Asp Gly Val Ser Cys Thr Pro Thr Val Glu 
180 , 185 190 

Tyr Pro Cys Gly Lys lie Pro He Leu Glu Lys Arg Asn Ala Ser Lys 
19S 200 205 

15 Pro Gin Gly Arg He Val Gly Gly Lys Val Cys Pro Lys Gly Glu Cys 

210 215 220 

Pro Trp Gin Val Leu Leu Leu Val Asn Gly Ala Gin Leu Cys Gly Gly 
225 230 235 240 

20 

Thr Leu He Asn Thr He Trp Val Val Ser Ala Ala His Cys Phe Asp 
245 250 255 

Lys He Lys Asn Trp Arg Asn Leu He Ala Val Leu Gly Glu His Asp 
260 265 270 

Leu Ser Glu His Asp Gly Asp Glu Gin Ser Arg Arg Val Ala Gin Val 
275 280 285 

He He Pro Ser Thr Tyr Val Pro Gly Thr Thr Asn His Asp He Ala 
30 2 9 0 2 9 5 3 0 0 

Leu Leu Arg Leu His Gin Pro Val Val Leu Thr Asp His Val Val Pro 
305 310 315 320 

35 ' Leu Cys Leu Pro- Glu Arg Thr Phe Ser Glu Arg Thr Leu Ala Phe Val 

325 330 335 

Arg Phe Ser Leu Val Ser Gly. Trp Gly Gin Leu Leu Asp Arg Gly Ala 
340 345 350 

40 

Thr Ala Leu Glu Leu Met Val Leu Asn Val Pro Arg Leu Met Thr Gin 
355 360 365 

Asp Cys Leu Gin Gin Ser Arg Lys Val Gly Asp Ser Pro Asn He Thr 
370 375 380 

Glu Tyr Met Phe Cys Ala Gly Tyr Ser Asp Gly Ser Lys Asp Ser Cys 
385 390 395 400 

Lys Gly Asp Ser Gly Gly Pro His Ala Thr His Tyr Arg Gly Thr Trp 
50 405 410 415 

Tyr Leu Thr Gly He Val Ser Trp Gly Gin Gly Cys Ala Thr Val Gly 
420 ' 425 430 

55 His ?he Gly Val Tyr Thr Arg Val Ser Gin Tyr He Glu Trp Leu Gin 



45 
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435 440 445 

Lys Leu Met Arg Ser Glu Pro Arg Pro Gly Val Leu Leu Arg Ala Pro 
450 455 460 

Phe • Pro 
465 

<210> 15 
<211>27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:SYNTHETIC PRIMER 
<400> 15 

gtcatgccat ggcctcaggc actacaa 

<210>16 
<211> 31 
<212> DNA 

<213>. Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: SYNTHETIC PRIMER 
<400> 16 

tgacaagctt attctctgaa ttcccctttc t 

<210> 17 
<211>47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: SYNTHETIC PRIMER 
<400>17 
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gtcatgccat ggccctggtg cctcgtgctt ctggcactac aaatact 47 
<210> 18 

5 

<211>50 
<212> DNA 
10 <213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence:SYNTHETIC PRIMER 

15 

<400> 18 

gtcatgccat ggccctggtg cctcgtggtt cttgcggcac tacaaatact 50 

20 

<210> 19 
<211>53 

25 

<212> DNA 

<213> Artificial Sequence 
30 <220> 

<223> Description of Artificial Sequence:SYNTHETIC PRIMER 
<400> 19 

35 

cgcggatcca ccgccaccag atccaccgcc tccttctctg aattcccctt tct 53 
<210> 20 

40 

<211>44 
<212> DNA 
45 <213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence:SYNTHETIC PRIMER 

50 

<400> 20 

cgcggatccg gcggtggagg ctcttcaggc actacaaata ctgt 44 

55 

<210>21 
<211>31 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:SYNTHETIC PRIMER 
<400> 21 

tgacaagctt attctctgaa ttcccctttc t 

<210> 22 
<211>50 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:SYNTHETIC PRIMER 
<400> 22 

gtcatgccat ggccctggtg cctcgtggtt cttgcggcac tacaaatact 

<210> 23 
<211> 31 
<212>DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:SYNTHETIC PRIMER 
<400> 23 

tgacaagctt attctctgaa ttcccctttc t 

<210> 24 
<211>44 
<212> DNA 

<213> Artificial Sequence • 
<220> 

<223> Description of Artificial Sequence:SYNTHETIC PRIMER 
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<400> 24 

gtcatgccat ggccctggtg cctcgtggtt gcactacaaa 

<210> 25 
<211>34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:SYNTHETIC PRIMER 
<400> 25 

tgacaagctt agcattctct gaattcccct ttct 

<210> 26 
<211> 19 
<212>DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:SYr\ITH ETIC PRIMER 
<400> 26 

caagttcagc caagaaaac 

<210>27 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:SYNTHETIC PRIMER 
<400>27 

acactttatt atcggaaatc ttcagcttca ggaaag 
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Claims 

1 . A composition comprising a biologically effective amount of a coagulation-deficient Tissue Factor compound that 
is at least 100-fold less active in coagulation than full length, native Tissue Factor and that has been modified to 
increase its biological half life; wherein the coagulation-deficient Tissue Factor compound is not attached to a 
targeting moiety. 

2. The composition of claim 1 , for use in promoting coagulation in tumor vasculature of an animal. 

3. Use of a composition in accordance with claim 1 or 2 in the manufacture of a medicament for use in treating 
vascularized tumors by promoting coagulation in the tumor vasculature of an animal. 

4. Use of a composition comprising a biologically effective amount of a coagulation-deficient Tissue Factor compound 
in the manufacture of a medicament for use in treating vascularized tumors by promoting coagulation in the tumor 
vasculature of an animal; wherein the coagulation-deficient Tissue Factor compound is at least 1 00-fold less active 
in coagulation than full length, native Tissue Factor and is not attached to a targeting moiety. 

5. Use according to claim 4, wherein said coagulation-deficient Tissue Factor compound has been modified to in- 
crease its biological half life. 

6. Use according to any one of claims 3, 4 or 5, wherein said coagulation-deficient Tissue Factor compound has been 
modified to increase its biological half life by attachment to a inert carrier protein or non-protein carrier molecule. 

♦ 7. Use according to claim 6, wherein said coagulation-deficient Tissue Factor compound is attached to an albumin 
or globulin carrier molecule. 

8. Use according to claim 6, wherein said coagulation-deficient Tissue Factor compound is attached to an inert carrier 
antibody, or portion thereof. 

9. Use according to claim 6 wherein said coagulation-deficient Tissue Factor compound is attached to an inert carrier 
IgG antibody, an Fc portion of an antibody or is inserted into an inert carrier I gG molecule in place of the C H 3 domain. 

10. Use according to any one of claims 3 through 9, wherein said coagulation-deficient Tissue Factor compound is 
between 100-fold and 1,000,000 less active in coagulation than full length, native Tissue Factor. 

11. Use according to any one of claims 3 through 10, wherein said coagulation-deficient Tissue Factor compound is 
at least 1 , 000-fold less active in coagulation than full length, native Tissue Factor. 

12. Use according to any one of claims 3 through 11 , wherein said coagulation-deficient Tissue Factor compound is 
at least 10,000-fold less active in coagulation than full length, native Tissue Factor. 

13. Use according to any one of claims 3 through 12, wherein said coagulation-deficient Tissue Factor compound is 
at least 100,000-fold less active in coagulation than full length, native Tissue Factor. 

14. Use according to any one of claims 3 through 13, wherein said coagulation-deficient Tissue Factor compound is 
at least 500,000-fold less active in coagulation than full length, native Tissue Factor. 

15. Use according to any one of claims 3 through 14, wherein said coagulation-deficient Tissue Factor compound is 
at least 1 ,000, 000-fold less active in coagulation than full length, native Tissue Factor. 

16. Use according to any one of claims 3 through 15, wherein said coagulation-deficient Tissue Factor compound is 
a mutant Tissue Factor compound deficient in the ability to activate Factor VII. 

17. Use according to claim 1 6, wherein said coagulation-deficient Tissue Factor compound is a mutant Tissue Factor 
compound that includes at least a first mutation in the amino acid region between position 157 and position 167 
ofSEQIDNO:1. 

18. Use according to claim 1 7, wherein said coagulation-deficient Tissue Factor compound is a mutant Tissue Factor 
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compound in which Trp at position 158 is changed to Arg; Ser at position 162 is changed to Ala; Gly at position 
1 64 is changed to Ala; or in which Trp at position 1 58 is changed to Arg and Ser at position 1 62 is changed to Ala. 

19. Use according to any one of claims 3 through 18, wherein said coagulation-deficient Tissue Factor compound is 
a Tissue Factor compound deficient in binding to a phospholipid surface. 

20. Use according to any one of claims 3 through 19, wherein said coagulation-deficient Tissue Factor compound is 
a truncated Tissue Factor compound. 

21. Use according to any one of claims 3 through 20, wherein said coagulation-deficient Tissue Factor compound is 
a truncated Tissue Factor compound of 21 9 amino acids in length. 

22. Use according to any one of claims 3 through 21 , wherein said coagulation-deficient Tissue Factor compound is 
a homodimeric, heterodimeric or polymeric Tissue Factor compound. 

23. Use according to any one of claims 3 through 22, wherein said coagulation-deficient Tissue Factor compound is: 

(a) a mutant Tissue Factor compound that consists essentially of the amino acid sequence of SEQ ID NO:8 
orSEQ ID NO:9; or 

(b) a truncated Tissue Factor compound that consists essentially of the amino acid sequence of SEQ ID NO:1 . 

24. Use according to any one of claims 3 through 23, wherein said coagulation-deficient Tissue Factor compound is 
a human Tissue Factor compound. 

25. Use according to any one of claims 3 through 24, wherein said coagulation-deficient Tissue Factor compound is 
a Tissue Factor compound prepared by recombinant expression. 

26. Use according to any one of claims 3 through 25, wherein said composition comprises a second coagulation- 
deficient Tissue Factor compound. 

27. Use according to any one of claims 3 through 26, in combination with a biologically effective amount of at least 
one of Factor Vila or an activator of Factor VII. 

28. Use according to claim 27, in combination with Factor Vila. 

29. Use according to claim 28, wherein said Factor Vila consists essentially of the amino acid sequence from amino 
acid 61 to amino acid 212 of the Factor VII polypeptide sequence of SEQ ID NO:14. 

30. Use according to any one of claims 27 through 29, wherein said coagulation-deficient Tissue Factor compound is 
combined with Factor Vila in a pre-formed Tissue Factor- Factor Vila complex. 

31 . Use according to any one of claims 3 through 30, in combination with a therapeutically effective amount of an anti- 
cancer agent. 

32. Use according to claim 31 , wherein said anti-cancer agent is a chemotherapeutic agent. 

33. Use according to claim 32, wherein said anti-cancer agent is one of: 

alkylating agents, antimetabolites, natural products, hormones and antagonists, 
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| 

Nitrogen Mustards ! 



Ethylenimenes and 
Methylmelamines 



Alkyl Sulfonates 



Nitrosoureas 



Triazines 
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Folic Acid Analogs 



Pyrrolidine Analogs 



Purine Analogs and 
Related Inhibitors 



Vinca Alkaloids 



i 



Epipodophyllotoxins 



Antibiotics 
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Enzymes 



Biological Response 
Modifiers 



i 
i 

Platinum 
Coordination 
Complexes j 
Anthracenediona \ 



Substituted Urea 

j 

Methyl Hydrazine j 
Derivative 

Adrenocortical 
Suppressant 

AdrenocorticQSteroids 



Progestins ! 

I 

Estrogens 

i 

Antiestrogen 



Androgens 



Antiandrogen 
Gonadotropin- 
releasing hormone 
analog * 



EP 0 988 056 B1 



Mechlorethamine (HN 2 ) 



Cyclophosphamide 
Ifosfamide 



Melphalan (L-sarcolysin) 



Chlorambucil 



Hexamethylmelamine 



Thiotepa 
Busulfan 



Carmustine (BCNU) 



Lomustine (CCNU) 



Semustine 

(methyl-CCNU) 
Streptozocirv 

(streptozotocin) 
Dacarbazine [OTIC; 

dimethyitriazenoimida 

zolecarboxamide) 



Methotrexate 
(amethopterin) 



Fluouracil 

(5-fluorouracil; 5-FU) 
Floxuridine (fluorode- 

oxyuridine; FUdRI 



Cytarabine (cytosine 

arabinoside) 
Mercaptopurine 

(6-mercaptopurine; 

6-MP) 
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Thioguanine 
[6*thioguanine; TGI 



Pentostatin 
(2-deoxycoformycin) 



Vinblastine (VLB) 



Vincristine 



Etoposide 
Tertiposide 



Dactinomycin 
(actinomycin D) 

Oaunomfaicin 

(daunomycin; 
| rufaidomycin) 




Doxorubicin 



Bleomycin 



Plicamycin (mithramycin) 
Mitomycin (mitomycin C) 



^Asparaginase 



Interferon alfa 
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Cisplatin (oj-DDP) 
Carboplatin 



Mitoxantrone 



Hydroxyurea 



Procarbazine 
(N-methylhydrazine, 
MIH) 

Mitotane (g^ -DDD) 
Aminoglutethimide 
Prednisone (several 

other equivalent 

preparations 

available) 
Hydroxyprogesterone 

caproate 
Medroxyprogesterone 

acetate 
Megestrol acetate 
Diethylstiibestrol 
Ethinyl estradiol (other 

preparations 

available) ' 

Tamoxifen 

Testosterone 

propionate 
Ruoxymesterone (other . 

preparations 

available) 

Flutamide or 
Leuprolide 



34. Use according to claim 33, wherein said anti-cancer agent is etoposide. 

35. Use according to claim 31, wherein said anti-cancer agent is an antibody construct comprising an antibody or 
antigen binding region that specifically binds to a component of a tumor cell, tumor vasculature or tumor stroma, 
the antibody operatively attached to a cytotoxic agent or to a coagulation factor. 

36. Use according to claim 35, wherein said anti-cancer agent is an antibody construct that specifically binds to a 
component of tumor vasculature or tumor stroma. 
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37. Use according to claim 35, wherein said anti-cancer agent is an antibody construct comprising a cytotoxic agent. 

38. Use according to claim 35, wherein said anti-cancer agent is an antibody construct comprising a coagulation factor. 

5 39. Use according to claim 38, wherein said anti-cancer agent is an antibody construct comprising Tissue Factor or a 
Tissue Factor derivative. 

40. Use according to any one of claims 3 through 39, wherein said medicament is for use in promoting coagulation in 
the tumor vasculature associated with a mid-size or large vascularized, malignant tumor of an animal. 

10 

41. Use according to any one of claims 3 through 40, wherein said medicament is formulated for systemic adminis- 
tration to said animal. 

42. Use according to any one of claims 3 through 41 , wherein said medicament is formulated for intravenous injection 
15 to said animal. 

43. Use according to any one of claims 3 through 42, wherein said medicament is intended for administration to a 
human subject. 

20 44. a therapeutic kit comprising, in suitable container means: 

(a) a biologically effective combination of a composition in accordance with claim 1 or 2, and at least one of 
Factor Vila, an activator of Factor VII or an anti-cancer agent; or 

25 (b) a biologically effective combination of an anti-cancer agent and a coagulation-deficient Tissue Factor com- 

pound that is at least 1 00-fold less active in coagulation than full length, native Tissue Factor and is not attached 
to a targeting moiety. 

45. The kit of claim 44, comprising a biologically effective combination of a composition in accordance with claim 1 or 
30 2, and at least one of Factor Vita, an activator of Factor VII or an anti-cancer agent. 

46. The kit of claim 44, comprising a biologically effective combination of an anti-cancer agent and a coagulation- 
deficient Tissue Factor compound that is at least 100-fold less active in coagulation than full length, native Tissue 
Factor and is not attached to a targeting moiety. 

35 

47. The kit of claim 44, comprising a biologically effective combination of (a) a coagulation-deficient Tissue Factor 
compound that is at least 100-fold less active in coagulation than full length, native Tissue Factor and is not attached 
to a targeting moiety; (b) at least one of Factor Vila or an activator of Factor VII; and (c) an anti-cancer agent. 

40 48. Use according to any one of claims 3 through 30, in combination with a therapeutically effective amount of a 
cytokone. 



Patentanspruche 

45 

1 . Zusammensetzung umfassend eine biologisch wirksame Menge einer koagulations-def izienten Gewebefaktorver- 
bindung, die mindestens 100-fach weniger aktiv in der Koagulation ist als nativer Gewebefaktor voller Lange und 
die modifiziert worden ist, urn ihre biologische Halbwertzeit zu erhohen, wobei die koagulations-defiziente Gewe- 
befaktorverbindung nicht mit einer Zielkomponente verbunden ist. 

50 

2. Zusammensetzung nach Anspruch 1 fur die Verwendung in der Fbrderung der Koagulation irfderTumorvaskulatur 
eines Tiers. 

3. Verwendung einer Zusammensetzung gemaB Anspruch 1 oder 2 in der Herstellung eines Medikaments fur die 
55 Verwendung in der Behandlung vaskularisierterTumore durch die Forderung der Koagulation in der Turn orvasku - 

latur eines Tiers. 

4. Verwendung einer Zusammensetzung umfassend eine biologisch wirksame Menge einer koagulations-def izienten 
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Gewebefaktorverblndung in der Herstellung eines Medikaments fur die Verwendung in der Behandlung vaskula- 
risierter Tumore durch die Forderung der Koagulation in der Tumorvaskulatur eines Tiers, wobei die koagulations- 
defiziente Gewebefaktorverbindung mindestens 100-fach weniger aktiv in der Koagulation ist als nativer Gewe- 
befaktor voller Lange und nicht mit einer Zielkomponente verbunden ist. 

5. Verwendung nach Anspruch 4, wobei die koagulations-defiziente Gewebefaktorverbindung modifiziert worden ist, 
um ihre biologische Halbwertzeit zu erhohen. 

6. Verwendung nach einem der Anspruche 3, 4 oder 5, wobei die koagulations-defiziente Gewebefaktorverbindung 
durch Verbindung mit einem inerten Tragerprotein oder einem nicht- Proteintragermolekul modifiziert worden ist, 
um ihre biologische Halbwertzeit zu erhohen. 

7. Verwendung nach Anspruch 6, wobei die koagulations-defiziente Gewebefaktorverbindung mit einem Albumin- 
oder Globulintragermolekul verbunden ist. 

8. Verwendung nach Anspruch 6, wobei die koagulations-defiziente Gewebefaktorverbindung an einem inerten Tra- 
gerantikorper oder einem Teil davon befestigt ist. 

9. Verwendung gemaB Anspruch 6, wobei die koagulations-defiziente Gewebefaktorverbindung an einem inerten 
Trager IgG-Antikorper, einem Fc-Teil eines Antikorpers befestigt ist oder in ein inertes Trager-lgG-Molekul anstelle 
der C H 3-Domane eingefuhrt ist. 

10. Verwendung nach einem der Anspruche 3 bis 9, wobei die koagulations-defiziente Gewebefaktorverbindung zwi- 
schen 1 00-fach und 1 .000.000 weniger aktiv in der Koagulation ist als nativer Gewebefaktor voller Lange. 

11. Verwendung gemaB einem der Anspruche 3 bis 10, wobei die koagulations-defiziente Gewebefaktorverbindung 
mindestens 1 .000-fach weniger aktiv in der Koagulation als nativer Gewebefaktor voller Lange ist. 

12. Verwendung gemaB einem der Anspruche 3 bis 11, wobei die koagulations-defiziente Gewebefaktorverbindung 
mindestens 1 0.000-fach weniger aktiv in der Koagulation als nativer Gewebefaktor voller Lange ist. 

13. Verwendung gemaB einem der Anspruche 3 bis 12, wobei die koagulations-defiziente Gewebefaktorverbindung 
mindestens 1 00.000-fach weniger aktiv in der Koagulation als nativer Gewebefaktor voller Lange ist. 

14. Verwendung gemaB einem der Anspruche 3 bis 13, wobei die koagulations-defiziente Gewebefaktorverbindung 
mindestens 500.000-fach weniger aktiv in der Koagulation als nativer Gewebefaktor voller Lange ist. 

15. Verwendung gemaB einem der Anspruche 3 bis 14, wobei die koagulations-defiziente Gewebefaktorverbindung 
mindestens 1 .000. 000-fach weniger aktiv in der Koagulation als nativer Gewebefaktor voller Lange ist. 

16. Verwendung nach einem der Anspruche 3 bis 1 5, wobei die koagulations-defiziente Gewebefaktorverbindung eine 
mutierte Gewebefaktorverbindung ist, die einen Mangel in der Fahigkeit besitzt, Faktor VII zu aktivieren. 

17. Verwendung nach Anspruch 1 6, wobei die koagulations-defiziente Gewebefaktorverbindung eine mutierte Gewe- 
befaktorverbindung ist, die mindestens eine erste Mutation in der Aminosaureregion zwischen der Position 157 
und der Position 167 der SEQ ID NR. 1 enthalt. 

18. Verwendung nach Anspruch 17, wobei die koagulations-defiziente Gewebefaktorverbindung eine mutierte Gewe- 
befaktorverbindung ist, in derTrp an der Position 1 58 in Arg verandert ist, Ser an der Position 1 62 zu Ala verandert 
ist; Gly an der Position 1 64 zu Ala verandert ist; oder in der Trp an der Position 1 58 zu Arg verandert ist und Ser 
an der Position. 1 62 zu Ala verandert ist. 

19. Verwendung nach einem der Anspruche 3 bis 1 6, wobei die koagulations-defiziente Gewebefaktorverbindung eine 
Gewebefaktorverbindung ist, die ein Mangel in der Bindung an eine Phospholipidoberflache besitzt. 

20. Verwendung nach einem der Anspruche 3 bis 1 9, wobei die koagulations-defiziente Gewebefaktorverbindung eine 
trunkierte Gewebefaktorverbindung ist. 
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21 . Verwendung nach einem der Anspruche 3 bis 20, wobei die koagulations-defiziente Gewebefaktorverbindung eine 
trunkierte Gewebefaktorverbindung mit einer Lange von 219 Aminosauren ist. 

22. Verwendung nach einem der Anspruche 3 bis 21 , wobei die koagulations-defiziente Gewebefaktorverbindung eine 
homodimere, heterodimere oder polydimere Gewebefaktorverbindung ist. 

23. Verwendung nach einem der Anspriiche 3 bis 22, wobei die koagulations-defiziente Gewebefaktorverbindung: 

(a) eine mutierte Gewebefaktorverbindung, die im wesentlichen aus der Aminosauresequenz der SEQ ID NR: 
8 oder SEQ ID NR:9 besteht, oder 

(b) eine trunkierte Gewebefaktorverbindung, die im wesentlichen aus der Aminosauresequenz der SEQ ID 
NR: besteht, ist. 

24. Verwendung nach einem der Anspruche 3 bis 23, wobei die koagulations-defiziente Gewebefaktorverbindung eine 
menschliche Gewebefaktorverbindung ist. 

25. Verwendung nach einem der Anspruche 3 bis 24, wobei die koagulations-defiziente Gewebefaktorverbindung eine 
Gewebefaktorverbindung ist, die durch rekombinante Expression hergestellt wird. 

26. Verwendung nach einem der Anspruche 3 bis 25, wobei dieZusammensetzung eine zweite koagulations-defiziente 
Gewebefaktorverbindung umfaBt. 

27. Verwendung nach einem der Anspruche 3 bis 26 in Kombination mit einer biologisch wirksamen Menge von min- 
destens einem Faktor Vila oder einem Aktivator des Faktors VII. 

28. Verwendung nach Anspruch 27 in Kombination mit Faktor Vila. 

29. Verwendung nach Anspruch 28, wobei der Faktor Vila im wesentlichen aus der Aminosauresequenz von Amino- 
saure 61 bis zur Aminosaure 212 der Faktor VII Polypeptidsequenz der SEQ ID NR:14 besteht. 

30. Verwendung nach einem der Anspriiche 27 bis 29, wobei die koagulations-defiziente Gewebefaktorverbindung 
mit Faktor Vila in einem vorgeformten Gewebefaktor-Vlla-Komplex verbunden wird. 

31. Verwendung nach einem der Anspruche 3 bis 30 in Verbindung mit einer therapeutisch wirksamen Menge eines 
Anti-Krebsmittels. 

32. Verwendung nach Anspruch 31 , wobei das Anti-Krebsmittel ein chemotherapeutisches Mittel ist. 

33. Verwendung nach Anspruch 32, wobei das Anti-Krebsmittel eines(r) der: alkylierenden Mittel, Antimetaboliten, 
naturlichen Produkten, Hormonen und Antagonisten, Stickstoffsenfgasen, Ethylenimene und Methylmelamine, Al- 
kylsulfonate, Nitrosoharnstoffe, Triazine, Folsaureanaloge, Pyrimidinanaloge, Purinanaloge und verwandte Inhi- 
bitoren, Vinca-Alkaloide, Epipodophyllotoxine, Antibiotika, Enzyme, Modifikatoren einer biologischen Antwort, Pla- 
tinkoordinationskomplexe, Anthracendion, substituierter Harnstoff, Methylhydrazinderivat, Nebennierenrinden- 
zugler, Adrenocorticosteroide, Progestine, Ostrogene, Antiostrogen, Androgene, Antiandrogen, Gonadotropin frei- 
setzendes Hormonanalog, Mechlorethamin (HN 2 ), Cyclophospamid, Ifosfamid, Melphalan (L-Sarkolysin), Chl- 
orambucil, Hexamethylmelamin, Thiotepa, Busulfan, Carmustin (BCNU), Lomustin (CCNU), Semustin (Meth- 
ly-CCNU), Streptozocin (Streptozotocin), Dacarbazin (DTIC; Dimethyltriazenoimidazolcarboxamid), Methotrexat 
(Amethopterin), Fluouracil (5-Fluoruracil; 5-FU), Floxuridine (Fluordeoxyuridin; FUdR), Cytarabin (Cytosinarabi- 
nosid), Mercaptopurin (6-Mercaptopurin; 6-MP),Thioguanin (6-Thioguanin;TG), Pentostatin (2-Deoxycoformycin), 
Vinblastin (VLB), Vincristin, Etoposid, Tertiposid, Dactinomycin (Actinomycin D), Daunorubicin (Daunomycin; Ru- 
bidomycin), Doxorubicin, Bleomycin, Plicamycin (Mithramycin), Mitomycin (Mitomycin C), L-Asparaginase, Inter- 
feron alpha, Cisplatin (c/s-DDP), Carboplatin, Mitoxantron, Hydroxyharnstoff, Procarbazin (N-Methylhydrazin, 
MIH), Mitotan (o.p'-DDD), Aminoglutethimid, Prednison (viele verschiedene gleichartigeZubereitungen erhaltlich), 
Hydroxyprogesteroncaproat, Medroxyprogesteronacetat, Megastrolacetat, Diethylstilbestrol, Ethinylostradiol (an- 
dere Zubereitungen erhaltlich), Tamoxifen, Testosteronpropionat, Fluoxymesteron (andere Zubereitungen erhalt- 
lich), Flutamid oder Leuprolid ist. 

34. Verwendung nach Anspruch 33, wobei das Anti-Krebsmittel ein Etoposid ist. 
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35. Verwendung nach Anspruch 31 , wobei das Anti-Krebsmittel ein Antikorperkonstrukt ist, das einen Antikorper oder 
eine Antigenbindungsregion umfaBt, die spezifisch an eine Komponente einer Tumorzelle, Tumorvaskulatur oder 
Tumorstroma bindet, wobei der Antikorper wirksam mit einem cytotoxischen Mittel oder einem Koagulationsfaktor 
verbunden ist. 

36. Verwendung nach Anspruch 35, wobei das Anti-Krebsmittel ein Antikorperkonstrukt ist, das spezifisch an eine 
Komponente der Tumorvaskulatur oder des Tumorstromas bindet. 

37. Verwendung nach Anspruch 35, wobei das Anti-Krebsmittel ein Antikorperkonstrukt ist, das ein cytotoxisches Mittel 
umfaBt. 

38. Verwendung nach Anspruch 35, wobei das Anti-Krebsmittel ein Antikorperkonstrukt ist, das einen Koagulations- 
faktor umfaBt. 

39. Verwendung nach Anspruch 38, wobei das Anti-Krebsmittel ein Antikorperkonstrukt ist, das einen Gewebefaktor 
oder ein Gewebefaktorderivat umfaBt. 

40. Verwendung nach einem der Anspruche 3 bis 39, wobei das Medikament fur die Verwendung in der Forderung 
der Koagulation in der Tumorvaskulatur ist, die mit einem vaskularisierten, malignen Tumor mittlerer oder groBer 
GroBe eines Tieres assoziiert ist. 

41 . Verwendung nach einem der Anspruche 3 bis 40, wobei das Medikament fur die systemische Verabreichung an 
das Tier formuliert ist. 

42. Verwendung nach einem der Anspruche 3 bis 41 , wobei das Medikament fur die intravenose Injektion in das Tier 
formuliert ist. 

43. Verwendung nach einem der Anspruche 3 bis 42, wobei das Medikament fur die Verabreichung an eine mensch- 
liche Person gedacht ist. 

44. Ein therapeutisches Kit umfassend in geeigneten Aufbewahrungsmitteln: 

(a) eine biologisch wirksame Kombination einer Zusammensetzung in Ubereinstimmung mit Anspruch 1 oder 
2 und mindestens einen Faktor Vila, einen Aktivator des Faktors VII oder ein Anti-Krebsmittel; oder 

(b) eine biologisch wirksame Kombination eines Anti-Krebsmittels und einer koagulations-defizienten Gewe- 
befaktorverbindung, die mindestens 100-fach weniger aktiv in der Koagulation ist als nativer Gewebefaktor 
voller Lange und die nicht mit einer Zielkomponente verbunden ist. 

45. Das Kit nach Anspruch 44, umfassend eine biologisch wirksame Kombination einer Zusammensetzung in Uber- 
einstimmung mit Anspruch 1 oder 2 und mindestens einen Faktor VII, einen Aktivator des Faktors VII oder ein 
Anti-Krebsmittel. 

46. Das Kit nach Anspruch 44, umfassend eine biologisch wirksame Kombination eines Anti-Krebsmittels und einer 
koagulations-defizienten Gewebefaktorverbindung, die mindestens 100-fach weniger aktiv in der Koagulation ist 
als nativer Gewebefaktor voller Lange und die nicht mit einer Zielkomponente verbunden ist. 

47. Das Kit nach Anspruch 44 umfassend eine biologisch wirksame Kombination von (a) einer koagulations-defizienten 
Gewebefaktorverbindung, die mindestens 100-fach weniger aktiv in der Koagulation als der native Gewebefaktor 
voller Lange ist und die nicht mit einer Zielkomponente verbunden ist; (b) mindestens einen Faktor Vila oder einen 
Aktivator des Faktors VII; und (c) ein Anti-Krebsmittel. 

48. Verwendung nach einem der Anspruche 3 bis 30 in Kombination mit einer therapeutisch wirksamen Menge eines 
Cytokins. 



Revendications 

1 . Composition comprenant une quantite efficace sur le plan biologique d'un facteur tissulaire de def icience de coa- 
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gulation qui est au moins 1 00 fois moins actif en coagulation qu'un facteur tissulaire natif pleine longueur et qui a 
ete modifie pour augmenter sa demi-vie biologique, dans laquelle le facteur tissulaire de deficience de coagulation 
n'est pas fixe a une fraction cible. 

5 2. Composition selon la revendication 1 , utilisee pour favoriser la coagulation dans un systeme vasculaire tumoral 
d'un animal. 

3. Utilisation d'une composition selon la revendication 1 ou 2, dans la fabrication d'un medicament pour une utilisation 
dans le traitement de tumeurs vascularisees en favorisant la coagulation dans le systeme vasculaire tumoral d'un 

10 animal. 

4. Utilisation d'une composition comprenant une quantite efficace sur le plan biologique d'un facteur tissulaire de 
deficience de coagulation dans la fabrication d'un medicament pour une utilisation dans le traitement de tumeurs 
vascularisees en favorisant la coagulation dans le systeme vasculaire tumoral d'un animal ; dans laquelle le facteur 

*5 tissulaire de deficience de coagulation est au moins 100 fois moins actif en coagulation que le facteur tissulaire 

natif pleine longueur et n'est pas fixe a une fraction cible. 

5. Utilisation selon la revendication 4, dans laquelle ledit facteur tissulaire de deficience de coagulation a ete modifie 
pour augmenter sa demi-vie biologique. 

20 

6. Utilisation selon Tune quelconque des revendications 3, 4 ou 5, dans laquelle ledit facteur tissulaire de deficience 
de coagulation a ete modifie pour augmenter sa demi-vie biologique par fixation a une molecule de proteine ou 
non proteine vehicule inerte. 

25 7. Utilisation selon la revendication 6, dans laquelle ledit facteur tissulaire de deficience de coagulation est fixe a une 
molecule vehicule d'albumine ou de globuline. 

8. Utilisation selon la revendication 6, dans laquelle ledit facteur tissulaire de deficience de coagulation est fixe a un 
anticorps vehicule inerte, ou sa partie. 

30 

9. Utilisation selon la revendication 6, dans laquelle ledit facteur tissulaire de deficience de coagulation est fixe a un 
anticorps IgG vehicule inerte, une partie Fc d'un anticorps, ou bien est insere dans une molecule IgG vehicule 
inerte a la place du domaine CH3. 

35 10. Utilisation selon I'une quelconque des revendications 3 a 9, dans laquelle ledit facteur tissulaire de deficience de 
coagulation est entre 100 et 1 000 000 de fois moins actif en coagulation que le facteur tissulaire natif pleine 
longueur. 

11. Utilisation selon I'une quelconque des revendications 3 a 10, dans laquelle ledit facteur tissulaire de deficience de 
40 coagulation est au moins 1 000 fois moins actif en coagulation que le facteur tissulaire natif pleine longueur. 

12. Utilisation selon I'une quelconque des revendications 3 a 1 1 , dans laquelle ledit facteur tissulaire de deficience de 
coagulation est au moins 10 000 fois moins actif en coagulation que le facteur tissulaire natif pleine longueur. 

45 13. Utilisation selon I'une quelconque des revendications 3 a 12, dans laquelle ledit facteur tissulaire de deficience de 
coagulation est au moins 100 000 fois moins actif en coagulation que le facteur tissulaire natif pleine longueur. 

14. Utilisation selon I'une quelconque des revendications 3 a 13, dans laquelle ledit facteur tissulaire de deficience de 
coagulation est au moins 500 000 fois moins actif en coagulation que le facteur tissulaire natif pleine longueur. 

50 

15. Utilisation selon I'une quelconque des revendications 3 a 14, dans laquelle ledit facteur tissulaire de deficience de 
coagulation est au moins 1 000 000 de fois moins actif en coagulation que le facteurtissulaire natif pleine longueur. 

16. Utilisation selon I'une quelconque des revendications 3 a 15, dans laquelle ledit facteur tissulaire natif pleine lon- 
55 gueur est un facteur tissulaire mutant deficient en capacite pour activer le facteur VII. 

17. Utilisation selon la revendication 1 6, dans laquelle ledit facteur tissulaire de deficience de coagulation est un facteur 
tissulaire mutant qui comprend au moins une premiere mutation dans la region des acides amines entre la position 
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157 et la position 167 de SEQ. ID. n° 1. 

18. Utilisation selon la revendication 1 7, dans laquelle ledit facteur tissulaire de deficience de coagulation estunfacteur 
tissulaire mutant dans lequel Tip a la position 158 est change en Arg ; Ser a la position 162 est change en Ala ; 

5 Gly a la position 1 64 est change en Ala ; ou dans lequel Trp a la position 1 58 est change en Arg et Ser a la position 

162 est change en Ala. 

19. Utilisation selon Tune quelconque des revendications 3 a 18, dans laquelle ledit facteur tissulaire de deficience de 
coagulation est un facteur tissulaire deficient en liaison a une surface phospholipidique. 

w 

20. Utilisation selon Tune quelconque des revendications 3 a 1 9, dans laquelle ledit facteur tissulaire de deficience de 
coagulation est un facteur tissulaire tronque. 

21. Utilisation selon Tune quelconque des revendications 3 a 20, dans laquelle ledit facteur tissulaire de deficience de 
15 coagulation est un facteur tissulaire tronque d'une longueur de 219 acides amines. 

22. Utilisation selon Tune quelconque des revendications 3 a 21, dans laquelle ledit facteur tissulaire de deficience de 
coagulation est un facteur tissulaire homodimere, heterodimere ou polymere. 

20 23. Utilisation selon Tune quelconque des revendications 3 a 22, dans laquelle ledit facteur tissulaire de deficience de 
coagulation est : 

(a) un facteur tissulaire mutant qui est essentiellement constitue de la sequence d'acides amines de SEQ. ID. 
n° 8 ou de SEQ. ID. n° 9 ; ou 

25 (b) un facteur tissulaire tronque qui est essentiellement constitue de la sequence d'acides amines de SEQ. 

ID. n° 1. 

24. Utilisation selon Tune quelconque des revendications 3 a 23, dans laquelle ledit facteur tissulaire de deficience de 
coagulation est un facteur tissulaire humain. 

30 

25. Utilisation selon Tune quelconque des revendications 3 a 24, dans laquelle ledit facteur tissulaire de deficience de 
coagulation est un facteur tissulaire prepare par expression recombinante. 

26. Utilisation selon Tune quelconque des revendications 3 a 25, dans laquelle ladite composition comprend un second 
35 facteur tissulaire de deficience de coagulation. 

27. Utilisation selon Tune quelconque des revendications 3 a 26, en combinaison avec une quantite efficace sur le 
plan biologique d'au moins un parmi le facteur Vila ou un activateur du facteur VII. 

40 28. Utilisation selon la revendication 27, en combinaison avec le facteur Vila. 

29. Utilisation selon la revendication 28, dans laquelle ledit facteur Vila est essentiellement constitue de la sequence 
d'acides amines depuis I'acide amine 61 al'acide amine 21 2 de la sequence polypeptidique du facteur VII deSEQ. 
ID. n° 14. 

45 

30. Utilisation selon Tune quelconque des revendications 27 a 29, dans laquelle ledit facteur tissulaire de deficience 
de coagulation est combine avec le facteur Vila dans un complexe preforme facteur tissulaire/facteur Vila. 

31. Utilisation selon Tune quelconque des revendications 3 a 30, en combinaison avec une quantite efficace sur le 
50 plan therapeutique d'un agent anticancereux. 

32. Utilisation selon la revendication 31 , dans laquelle ledit agent anticancereux est un agent chimiotherapeutique. 

33. Utilisation selon la revendication 32, dans laquelle ledit agent anticancereux est Tun parmi : 

55 

des agents d'alkylation, des antimetabolites, des produits naturels, des hormones et des antagonistes, 
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Moutardes a 1' azote 

Ethyleneimines et m6thylamines 

Alkyl sulfonates 

Nitrosourees 

Triazines 

Analogues de l'acide folique 

Analogues de la pyrimidine 

Analogues de la purine et inhibiteurs 
associes 
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Alcaloldes Vinca Major 
Epipodophyllotoxines 
Antibiotiques 



Enzymes 

Agents modifiant la r£ponse biologique 
Complexes de coordination du platine 

Anthracenedione 

Uree substitute 

Derive de methylhydrazine 

Adrenocotical 

Suppresseur 

Adrenocorticosteroides 

Progestines 

(Estrogenes 

Antioestrogene 

Androgenes 

Antiandrogene 

Analogues de l 1 hormone de liberation 

des gonadotrophines 

Mechlorethamine ( HN? ) 

Cyclophosphamide 

Ifosf amide 

Melphalan (L-sarcolysine) 

Chlorambucil 

Hexamethy Imelamine 

Thiotepa 

Busulf an 

Carmustine (BCNU) 

Lamustine (CCNU) 

Semustine (methyl-CCNU) 

Streptozocine (streptozotocine) 
Dacarbazine (DTIC ; dimethyltriazeno- 
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imidazolecarboxamide) 

Methotrexate (amethopterine) 

Fluouracil 

(5-f luorouracil ; 5-FU) 
Floxuridin (f luorodesoxy-uridine ; 

FUdR) 

Cytarabine (cytosine-arabinoside) 

Mercaptopurine (6-mercatopurine ; 

6-MP) 

Thioguanine (6-thioguanine ; TG) 

Pentostatin (2-desoxycof ormycine) 

Vinblastine (VLB) 

Vincristine 

Etoposide 

Tertiposide 

Dactinomycin (actinomycine D) 

Daunorubicin (daunomycine ; 

rubidomycine) 

Doxorubicine 

Bleomycine 

Plicamycin (mithramycine ) 

Mitomycine (mitomycine C) 

L-asparaginase 

Interferon alpha 

Cisplatin ( cis-DDP) 

Carboplatin 

Mitoxantrone 

Hydroxyuree 

Procarbazine (N-methylhydrazine, MIH) 

Mitotane (o,p '-DDD) 

Aminoglutethimide 

Prednisone (plusieurs autres 
preparations equivalentes disponibles) 
Caproate d 1 hydroxyprogesterone 
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10 



15 



20 



Acetate de medroxyprogesterone 
Acetate de megestrol 



Diethyl st ilbestrol 

Ethinylcestradiol (autres preparations 
disponibles) 



Tamoxif ene 



Propionate de testosterone 
Fluoxymesterone (autres preparations 
disponibles) 



Flutamide ou 
Leuprolide 
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34. Utilisation selon la revendication 33, dans laquelle ledit agent anticancereux est I'etoposide. 

35. Utilisation selon la revendication 31 , dans laquelle ledit agent anticancereux est un construit d'anticorps compre- 
nant une region liant un anticorps ou antigene qui se lie specifiquement a un composant d'une cellule tumorale, 
d'un systeme vasculaire tumoral ou d'un stroma tumoral, I'anticorps etant fixe de fagon fonctionnelle a un agent 
cytotoxique ou a un facteur de coagulation. 

36. Utilisation selon la revendication 35, dans laquelle ledit agent anticancereux est un construit d'anticorps qui se lie 
specifiquement a un composant de systeme vasculaire tumoral ou de stroma tumoral. 

37. Utilisation selon la revendication 35, dans laquelle ledit agent anticancereux est un construit d'anticorps compre- 
nant un agent cytotoxique. 

38. Utilisation selon la revendication 35, dans laquelle ledit agent anticancereux est un construit d'anticorps compre- 
nant un facteur de coagulation. 

39. Utilisation selon la revendication 38, dans laquelle ledit agent anticancereux est un construit d'anticorps compre- 
nant le facteur tissulaire ou un derive du facteur tissulaire. 

40. Utilisation selon Tune quelconque des revendications 3 a 39, dans laquelle ledit medicament est destine a etre 
utilise pour favoriser la coagulation dans le systeme vasculaire tumoral associe a une tumeur maligne vascularisee 
de taille moyenne ou grande d'un animal. 

41 . Utilisation selon Tune quelconque des revendications 3 a 40, dans laquelle ledit medicament est formule pour une 
administration systemique audit animal. 

42. Utilisation selon Tune quelconque des revendications 3 a 41 , dans laquelle ledit medicament est formule pour une 
injection intraveineuse audit animal. 

43. Utilisation selon J'une quelconque des revendications 3 a 42, dans laquelle ledit medicament est prevu pour une 
administration a un sujet humain. 

44. Trousse therapeutique comprenant, dans des moyens de recipient appropries : 

(a) une combinaison efficace sur le plan biologique d'une composition selon la revendication 1 ou 2, et d'au 
moins un parmi le facteur Vila, un activateur de facteur VII ou un agent anticancereux ; ou 

(b) une combinaison efficace sur le plan biologique d'un agent anticancereux et d'un facteur tissulaire de 
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deficience de coagulation qui est au moins 1 00 fois moins actif en coagulation que le facteur tissulaire natif 
de pleine longueur et n'est pas fixe a une fraction cible. 

45. Trousse selon la revendication 44, comprenant une combinaison efficace sur le plan biologique d'une composition 
5 selon la revendication 1 ou 2, et d'au moins un parmi le facteur de Vila, un activateur de facteur VII ou un agent 

anticancereux. 

46. Trousse selon la revendication 44, comprenant une combinaison efficace sur le plan biologique d'un agent anti- 
cancereux et d'un facteur tissulaire de deficience de coagulation qui est au moins 100 fois moins actif en coagu- 

10 • lation que le facteur tissulaire natif pleine longueur et n'est pas fixe a une fraction cible. 

47. Trousse selon la revendication 44, comprenant une combinaison efficace sur le plan biologique de 

(a) un facteur tissulaire de deficience de coagulation qui est au moins 100 fois moins actif en coagulation que 
15 le facteur tissulaire natif pleine longueur et n'est pas fixe a une fraction cible ; (b) au moins un parmi le facteur 

Vila ou un activateur de facteur VII ; et (c) un agent anticancereux. 

48. Utilisation selon Tune quelconque des revendications 3 a 30, en combinaison avec une quantite efficace sur le 
plan therapeutique d'une cytokine. 
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